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Information Technology (IT) is seen as an enabling mechanism that enables radical 
change to be effected in the construction industry. However, firms in the construction 
industry are slowly responding and adapting to developments in information and 
communication technologies (Love, et al., 2000). A key barrier to the more effective 
exploitation and application of IT in the construction sector has been the lack of 
investment on a scale comparable with other sectors. A primary reason cited for the 
low level of investment is the low level of perceived benefits from IT investments 
amongst construction business managers (Andresen, et al., 2000). Construction is a 
traditional industry. On one hand it is conservative in adopting new technology and, on 
the other hand, for competitive reasons, many construction companies cannot afford 
not to make investments in IT. Measuring IT benefits is in its infancy in construction 
literature. This research was therefore undertaken to explore effective ways that help 
managers to identify, capture and evaluate IT benefits for construction companies at 
the company level.  
 
Based on literature review and a survey in the local construction companies in 
Singapore, this dissertation presents a “5Cs” evaluation framework to assist 
construction companies to predict, measure and evaluate the potential benefits that can 
or should be achieved by the introduction of IT. The five components of the 
framework are the Context, Characteristic, Content, Conduct and Conclusion, which 
together help evaluators answer all questions that are involved in the evaluation, such 
as why there is a need to do an evaluation, what needs to be measured, from which 
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aspects the evaluation is done, when to conduct, who should participate and how to 
perform. This framework can be used as a guideline in practice.  
 
This research stressed the alignment of IT with business strategy (Context and 
Characteristic) since it is the starting point in understanding what is the right thing to 
be measured.  The survey in local construction companies explored the correlation 
between IT goals and business strategies. Also, 20 evaluation measures (Content) 
derived from literature review were validated by the survey.  Six steps have been 
proposed to perform the evaluation by the proposed framework (Conduct). Finally 
suggestions on how to interpret the evaluation results and derive the conclusions 
(Conclusion) are presented.  
 
An IT benefits evaluation system was developed as the computer implementation of 
the framework and a case study was conducted by asking three experts from a local 
construction company to use and assess the system. The evaluation system is validated 
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Chapter One: Introduction 
 
1.1 Background 
Information Technology (IT) now represents substantial financial investment for many 
organizations (Lin and Pervan, 2001). Organizations are continuing to invest sums of 
money in IT in anticipation of a material return on investment (Willcocks and Lester, 
1996).  With vigorous growth of expenditure on IT, managers are often under immense 
pressure to find a way to measure the contribution of their organization’s IT 
investments to business performance (Lin and Pervan, 2001).  
 
The integration of construction processes using IT offers considerable potential for 
construction firms (Griffiths, 2000). Construction industry is a traditional industry with 
highly fragmented nature and geographical dispersal. Lack of integration of 
information flows has led to low productivity and competitiveness in the industry (Aw, 
2000). Technological developments such as the Internet and Intranet are re-defining 
the way construction firms carry out many of their strategic, tactical and operational 
business processes (Betts and Shafagi, 1997; Betts, 1999).                                                                       
 
Singapore is an island nation with limited resources. The shortage of manpower and 
the vast amount of manual work needed prompt the contractor to look for alternative 
means to overcome the situation. Meanwhile, the IT industry is producing newer and 
more powerful microcomputer systems at very low prices. Application software 
specially written for contractor’s operation is also produced. IT eventually becomes 
one of the best solutions to the contractor’s problem (Chan, 1993).   
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Over the past decade, the Singapore government has made efforts to promote the 
pervasive use of IT. The role of the government in encouraging computerization is to 
provide infrastructural services, generate awareness and set up the regulatory 
framework. The National IT Plan, launched in 1986, has created a very positive 
environment for the private and public sectors to collaborate in exploring IT for a 
national competitive advantage. 
 
To promote the integrated approach to construction, a few national IT initiatives have 
been set up to allow seamless communication and exchange of information. The 
CORENET project is a major IT initiative undertaken by the Building and 
Construction Authority (BCA) with IT leadership from the National Computer Board, 
in collaboration with other public and private organizations. It aims to allow all parties 
in the construction and real estate sector to make applications to the various 
government agencies electronically, have the building applications checked and 
processed electronically using expert systems, conduct tendering of construction 
contracts electronically, and make on-line enquiries for real estate information. At the 
same time, CONCurrent Engineering environment (CONCERT) was initiated by the 
Public Works Department of Ministry of National Development, which would 
concentrate on providing the IT-based concurrent engineering environment, object-
orientate database management system and modeling techniques (Poh, 2000). The 
public sector has been setting the pace in proliferating the use of IT in Singapore 
through the Civil Service Computerization Programme (CSCP) since its launch in 
1981. The Construction Industry Development Board envisage making the submission 
of tenders for public sector projects in magnetic form mandatory as one of the means 
of making IT critical (Bette and Clark, 1999). 
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 Despite all these efforts made by the government, IT expenditure in the construction 
industry remains the lowest as compared to other economic sectors (Aw, 2000). Firms 
in the construction industry are slowly responding and adapting to developments in 
information and communication technologies (Love et al., 2000). A key barrier to the 
more effective exploitation and application of IT in the construction sector has been 
the lack of investment on a scale comparable with other sectors. A primary reason 
cited for the low level of investment is the low level of perceived benefits from IT 
investments amongst construction business managers (Andresen et al., 2000). 
Construction is a traditional industry and it is conservative in adopting new technology 
unless the contributions of the technology are clear.                   
 
Managers, therefore, face dilemmas with respect to IT. On the one hand they consider 
the investment in IT necessary for competitive reasons and, on the other hand, few 
senior executives feel that they understand IT adequately. It is thus crucial and 
important to have a suitable framework by which the contribution of IT to the goals 
being pursued would be measured. Only when managers use a satisfactory method to 
identify and measure the benefits that can be derived from IT can they have a real 
understanding of the important role IT plays in construction, and only then will further 
impetus be given to more effective implementation of IT. Of course, a strict 
application of evaluation might well reveal that none of the proposed IT projects 
deserves funding at a particular point of time. For all these reasons, a suitable way to 
know how IT benefits are measured and controlled is needed.                                                                 
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1.2 Research Problem   
The evaluation of IT has been a recognized problem area for the last three decades 
(Churcher et al., 1996).                                                                                                     
a) There exists doubt on what can be derived from IT.                                            
Investment in IT is high in many organizations and it represents the highest ongoing 
capital expenditure (Remenyi et al., 1995). It is therefore essential for senior 
management to be clear of contributions of such investment. Chief information officers 
are finding themselves increasingly under fire for the perceived lack of value from 
ever-growing investments in IT (John, 2001).                                                            
 
Many IT benefits are relatively new and organizations have not learned how to deal 
with them. Improving quality, management and customer satisfaction, or enabling the 
streamlining of administrative processes are all aspects that are likely to be enhanced 
by IT,  but these points are often not reflected in traditional evaluation measures such 
as improved financial performance.  
 
b) IT benefits evaluation is immature. 
Although much of literature has been given to seeking demonstrations of positive 
relationships between IT investment and organizational performance (Floyd and 
Wooldridge, 1990; Mahmood and Mann, 1993, 2000; Sircar et al., 2000; Bharadwaj, 
2000), IT benefits evaluation has only received limited attention in the construction 
literature. 
 
It is very difficult to predict IT benefits. Even though some benefits may be clearly 
understood at the feasibility and implementation stages, additional and unforeseen 
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benefits sometimes accrue. As Andresen (2000) stated, “Completing the IT evaluation 
revealed that two major activities are difficult to complete. First it was found difficult 
to identify the benefits and second, the estimates of the benefits value were generally 
considered as very uncertain.” As the IT infrastructure becomes an inextricable part of 
the organization’s processes and structures, it becomes increasingly difficult to 
separate the impact of IT from that of other assets and activities (Willcocks 1999).  
 
Additionally, there is a shortage of systematic approaches for the evaluation to be 
performed with efficiency. The evaluation process may be laborious and time-
consuming. Hence, it is very likely that managers hesitate to conduct IT benefits 
evaluation at regular intervals for the time and cost reasons. Besides, the lack or 
absence of the records for regular evaluations makes it difficult to track the 
performance of the evaluated IT project.   
 
To address those issues, the main research problem in this work is on how to measure 
the right IT benefits in the right way for construction companies in Singapore. 
Comprehensive issues that are concerned with IT benefits evaluation will be covered. 
They are summarized as follows: 
• Why is there a need to conduct the evaluation? 
• Who will be involved in the evaluation? 
• What is going to be measured, from which aspects and in what terms? 
• When should the evaluation be done? 
• How to perform the evaluation? 
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1.3 Research Scope 
This research is conducted at the company level from a managerial perspective and is 
confined within the national scope of Singapore.  
 
Construction industry has its unique characteristics. People of different educational and 
culture backgrounds will be involved in construction activities; This 
multidimensionality makes research at individual or group level not applicable. 
Research at the industry level mainly has the purpose of providing statistical 
information or presenting certain trends. It focuses on aggregate statistics that do not 
have much meaning to individual organizations. However, the majority of IT 
investment is made at the company level, therefore this research is conducted at the 
company level. 
 
Instead of an IT system or IT project itself, a company as a whole serves as the 
research object since, on the one hand, to develop an evaluation framework for a 
certain IT project does not have much meaning and, on the other hand, it is very hard 
or even impossible to build a framework suitable for all. The impact of IT on a 
company’s performance will be identified and evaluated.  
 
1.4 Research Objectives 
This research aims to explore the impacts of IT on company’s performance, or the 
benefits that IT brings to construction companies. The main objectives are:  
• to develop an effective IT benefits evaluation framework that help evaluators find 
out what exact benefits IT can bring to a certain construction company and how to 
identify, measure and control them effectively; and 
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• to develop a computerized implementation system for IT benefits evaluation based 
on the proposed framework, which helps to make the evaluation easy to understand, 
time saving to conduct, and convenient  to  record. 
 
Other than the main objectives, supporting objectives are listed as follows: 
• to find out current IT benefits evaluation practices in the local construction 
companies so as to draw lessons and make the proposed framework practical;  
• to examine existing IT evaluation techniques proposed in past research via 
literature review and to explicitly recognize their advantages and disadvantages in 
theory and practice so as to make new contributions to IT evaluation methods; 
• to map out relationships between business strategies and IT goals, which will 
facilitate the IT benefits evaluation under certain business strategies. Strategic 
alignment of IT goal with business strategy is the starting point of understanding 
what is going to be measured; and 
• to explore a wide spectrum of measures at company level so as to cover various 
kinds of IT benefits.  
 
1.5 Significance of Research 
The high expenditure on IT together with uncertainties about its impact raises the 
importance of how IT benefits are measured. It is an immature research field that 
organizations cannot afford to neglect.  
 
Irani and Love (2000) have found that management tends to be myopic when 
considering IT or Information System (IS) investment decisions, primarily because 
they have no framework to evaluate such investments (Love, et al., 2000). This 
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research will explore effective ways to help solve problems attached with IT benefits 
evaluation. The proposed evaluation framework together with its computerized 
evaluation system will help evaluators in practice estimate the future performance of 
IT and control the benefits realization process. It will also be a useful tool to highlight 
and understand all the benefits that could possibly be acquired by the implementation 
of IT. 
 
Through this study, research answers will be given to those typical problems that 
senior managers will encounter at the decision stage. The evaluation resulting profiles 
will help senior managers identify which IT application should be supported, which 
aspect of company’s performance will be positively impacted and how, thus helping to 
make the investment and implementation of IT more certain and more effective. 
 
1.6 Research Methodology  
Methodology for this research involves a literature review, personal interviews, 
questionnaire surveys and a case study. A conceptual framework is proposed based on 
the literature review and informal personal interviews. Data obtained from the survey 
are used to further consolidate the framework. A case study is conducted to test the 
operability of the framework in practice. The research is organized into three stages. 












                                                                                                                 






                                                                                                                      Stage three 
 
Literature Review Informal Interview
Proposed Conceptual Framework 
Formulate Questionnaire
Survey in the Local Construction Companies (Mailed Questionnaire) 
Analysis of Data Collected
Consolidate and Refine the Proposed Framework
Develop IT Benefits Evaluation System  
(Computer Implementation of the Proposed Framework) 
Case Study to Test the Operability of the System
Conclusion and Recommendation on Future Research
Figure 1 Flowchart of the research strategy 
 
The first stage involves a comprehensive literature review covering journals, books, 
proceedings and unpublished dissertations, and informal interviews with people from 
local construction companies (part time M.Sc. students in the Department of Building 
in NUS). This helps to explicitly recognize the limitations of current methods in IT 
benefits evaluation, and also to highlight the main barriers and concerns, therefore 
aiding in understand the critical factors that should be considered when designing an 
evaluation framework. Based on those gathered information, a conceptual framework 
is proposed.  
 
 9
In the second stage a questionnaire is formulated. A mail survey is conducted by 
distributing the questionnaire in local construction companies. The sample is randomly 
selected from the registered categories of A1, A2 and B1 contractors, the top three 
categories at the BCA (Building and Construction Authorities) in Singapore. The 
reason for choosing those three categories is that large companies are more likely to 
have issues with IT and the percentage of response will be higher.  After analyzing the 
data collected, the proposed framework is consolidated and refined.  
 
In the third stage, an IT benefits evaluation system written in visual basic language is 
developed, which is based on the refined framework. A case study is then used to test 
the operability of the system. Finally conclusions are derived and recommendations on 
future research are given.   
 
1.7 Organization of thesis 
There are six chapters contained in this thesis. Chapter one provides an introduction, 
including research background, problem, scope, objectives, significance and 
methodology. Chapter two contains the literature review. Research in the related fields 
is discussed. Conclusions from the literature review highlight and detail the research 
problem. In Chapter three, a framework is proposed based on literature review and 
informal interviews. In Chapter four, the proposed framework is consolidated and 
refined based on the results of a survey conducted in local construction companies. 
The method for data collection is described and results are analyzed in detail. Chapter 
five presents the computerized implementation system for IT benefits evaluation based 
on the proposed framework. The system is validated through a case study. Chapter six 
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summarizes the research work, key conclusions and contributions, and makes 
recommendations for future research. 
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Chapter Two: Literature Review 
 
2.1 Definitions 
IT (Information Technology) 
Current definition of IT (information technology) has expanded its traditional meaning 
of hardware and software, which now encompasses technical infrastructure (e.g. 
cabling), communications systems (e.g. telephones, video links), any relevant 
specialist departments or business units and a much higher level of interaction with 
other employees (Churcher, 1996). In this research, IT is therefore defined as all 
components that together provide necessary information, such as hardware, software, 
communication technology – essentially equipment – and attendant techniques, the 
people and the procedures with which they work, and the data that are processed by the 
system. Unless specified, in this research, IT project and IT system both refer to the 
investment object whose impacts on a company’s performance are the research focus.  
 
IT benefits 
As to IT benefits, first it must be understood that IT on its own does not deliver 
benefits. What IT can do is to enable benefit opportunities. To take advantage of these 
benefit opportunities, changes must take place in the way that business activities are 
performed or the way that information is used. Benefits may therefore be considered as 
the effect of the changes, i.e. the differences between the current and proposed way 
that work is done (Ward et. al., 1996). 
 
Remenyi (1995) regarded IT benefits as an advantage or good; something produced 
with the assistance of computers and communications for which a firm would be 
prepared to pay. He also proposed that in functional terms the benefit derived from IT 
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relates to the fact that the technology allows more tasks to be completed with greater 
accuracy and quality in less time and at lower cost. 
 
This research is conducted at the company level and focuses on the impact of IT on a 
company’s performance. Therefore, the “IT benefits” in this thesis refers to the lagged 
positive effects of the implementation of IT on changing a company’s performance. 
 
Measuring IT benefits and IT benefits evaluation 
The word “measure” when used as a verb means to estimate by evaluation or 
comparison to ascertain the dimensions, quantity, or capacity of something.  The word 
“evaluation” refers to “the action of appraising or valuing (goods, etc.); a calculation or 
statement of value” (Oxford English Dictionary).  Both of them in nature are a process 
or an activity incorporating understanding, assessment and determining the 
significance, worth, or condition of something against a set of criteria.  To the author’s 
limit there is no effort in the IT benefits literature in discriminating the inconspicuous 
difference between the precise meaning of measuring and evaluating IT benefits. 
 
The way scientists see it, measure is the process of reduction of uncertainty about a 
quantity through observation. The key element here is that the reduction of uncertainty 
is not necessarily (in fact, almost never) the elimination of uncertainty. There are so 
many uncertainties on what benefits can be derived from IT. Each effort in IT benefits 
evaluation makes sense if it tries to reduce uncertainties in someway. 
 
In this research, IT benefits evaluation or measuring IT benefits refers to the process or 
activity of reducing the uncertainties of IT benefits, through establishing by 
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quantitative and/or qualitative means the worth of IT. Since the research is conducted 
from a management perspective at the company level, the worth of IT here is in terms 
of the ability of IT in positively changing a company’s performance. These benefits 
present from wide aspects and, therefore, do not necessarily have to be of financial 
nature. 
 
2.2 Past Research 
Evaluating IT benefits cannot be considered as a new idea or trend since it has existed 
as long as IT investments have (the first commercial computer was released in 1951). 
There is no shortage of innovative IT evaluation techniques. Renkema and Berghout 
(1997) cited that different Dutch researchers in the universities of Delft, Eindhoven 
and Amsterdam identified over 65 methods that aim to be of help in the evaluation of 
IT investment proposals.  
 
Evaluation of IT benefits is, in most cases, within the current literature, concerned 
mainly with demonstration of relationships between IT and company performance 
(Remenyi et al., 1995; Pitt et al., 1995; Hitt and Brynjolfsson, 1996; Chan, 2000), 
classification of types of benefits (Remenyi, 1995; Murphy and Simon, 2001; 
Brynjolfsson and Hitt, 1998; Irani and Love, 2001), and justification of benefits 
evaluation techniques (Butterfield and Pendegraft, 2001; Fitzgerald, 1998; Ballantine 
and Stray, 1998; Andresen et al., 2000; Andresen, 2001; Money et al., 1988; Wegen 
and Hoog, 1996; Tallon et al., 2000; Chandler, 1982).  
 
2.2.1 IT and company performance  
The relationship between IT and company’s performances is a critical issue in 
identifying what is going to be measured in an IT benefits evaluation. It is important to 
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know where benefits will be derived from and what will be impacted. Understanding 
the relationships between IT and company’s performance will help to explore proper 
company level measures for IT benefits evaluation.  
 
Demonstrating the effects of IT investment on organizational performance has proven 
extremely difficult (Majmood and Mann, 2000). There have been several attempts in 
the past to assess the impact of IT on firm performance that have yielded conflicting 
results (Sumit et al., 2000). This is a subject of much debate.  
 
For over a decade, empirical studies in the IT value literature have examined the 
impact of technology investments on various measures of performance (Thatcher and 
Oliver, 2001). There is no uniform conceptualization of identification of appropriate 
performance measures at the company level. 
 
IT and company’s financial performance 
A majority of studies in this field adopt financial measures as company performance 
indicators.  
 
Bharadwaj (2000) empirically examined the association between IT capability and 
firm performance. Results indicate that firms with higher IT capability tend to have a 
higher performance than those with lower IT capability on a variety of profit and cost-
based performance measures.  
 
In Floyd and Wooldridge’s (1990) study, path analysis was used for evaluating the 
direct, indirect and spurious effects of IT on organizational performance. The research 
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model incorporates indirect performance effects from strategy and IT alignment. On 
the whole, the findings of this study are generally consistent with the beliefs that IT 
investment is a very important contributor to a firm’s performance in terms of a 
commonly used performance indicator called Return On Asset (ROA). 
 
Despite significant progress in exploring the relationship between IT and company 
performance, the inability of traditional company-level financial performance analysis 
in accounting fully for IT benefits has led to call for a more inclusive and 
comprehensive analysis of IT impacts on the company’s other performance fields. 
 
IT and company’s other performances 
Thatcher and Oliver (2001) used a closed-form analytical model to test the impact of 
IT on a firm’s production efficiency, product quality, and productivity. In that research 
the authors demonstrated the existence of conflicting impacts of IT on those three 
different performance measures. For example, a profit-maximizing firm may make a 
conscious decision to invest in certain technologies that lead to product quality 
improvements to capture higher profits, but sometimes at the expense of firm 
productivity. 
 
Similarly, Hitt and Brynjolfsson (1996) focused on the fact that productivity, consumer 
value, and business profitability are separate questions in the realm of IT benefits. In 
their research, the authors demonstrated that IT value depends heavily on which 
question is being addressed and what data is being used.  
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Mahmood and Mann’s (1993) exploratory research related comprehensive sets of IT 
investment measures to organizational strategic and economic performance measures. 
In that study organizational performance is measured using the key internal and 
external factors upon which the organization depends on for survival. In addition to 
profitability measures, the framework includes market measures such as market to 
book value ratio as a firm’s strategic performance indicators, and additional variables 
that can capture a firm’s potential future performance. 
 
Using data from a large database consisting of over 2000 observations of 624 firms, 
Sumit et al. (2000) demonstrated the relationship between a group of IT investment 
measures (in terms of cost) and a group of company’s performance measures 
(including measures for sales, assets and market). The findings are generally consistent 
with the beliefs that IT investment is a very important contributor to a firm's 
performance. 
 
2.2.2 Classification of IT benefits 
In order to have a clear understanding of IT benefits and to get a good overview of 
them, it is necessary to divide IT benefits into groups according to certain criteria. 
Generally there are two kinds of classification criteria. One is based on the nature of 
benefits themselves. Benefits are classified according to their recognizable degree, 
such as tangible and intangible, quantifiable and unquantifiable, direct and potential. 
The other is based on the nature of the impact of IT on organizations. Benefits are 
classified according to the types of impacts or the fields where the impacts occur.  
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 IT benefits Categorization one: Tangible and intangible benefits 
Remenyi (1995) divided IT benefits into two generic categories as tangible and 
intangible, which is a widely accepted way for categorization of IT benefits. Tangible 
IT benefits are those that directly affect the firm’s profitability, whereas intangible 
benefits are those that cannot be directly measured, valued or directly related to the 
change. In other words, intangible benefits are those that do not readily translate into 
monetary values but nonetheless have significant value to the firm.  
 
There is not much meaning to further divide tangible benefits, since they have in 
common the nature to translate into monetary values. The main arguments are 
concerned with the further classification of intangible benefits for their wider concept. 
Hares and Royle (1994) indicated there are two main intangible benefits in IT 
investments. The first is internal improvement or infrastructure investment and the 
second relates to customers. Those customer viewed intangible benefits are particularly 
related to customer service and user satisfaction.  
 
From a time perspective, intangible benefits are categorized further as ongoing and 
future oriented (Murphy and Simon, 2001). The ongoing intangible benefits are those 
concerned with internal improvement of company operations or output performance. 
The future oriented intangible benefits may take the form of: 1) improved quality of 
product or service as a market differentiator; 2) improved delivery of a product or 
service; and 3) improved service provided with product and services, all of which will 
convert into retained sales/customers, increased sales, customer satisfaction, and social 
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image. Those benefits are more difficult to measure since their realization is decided 
more or less by external forces.  
 
IT benefits Categorization two: quantifiable and unquantifiable benefits 
Another kind of classification is to group IT benefits into quantifiable and 
unquantifiable (Remenyi, 1995). Combined with the classification of IT benefits into 
tangible and intangible, a quantifiable tangible IT benefit is one that directly affects the 
firm’s profitability and the effect of which is such that it may be objectively measured. 
An unquantifiable tangible IT benefit can also be seen to directly affect the firm’s 
profitability, but the precise extent to which it does cannot be directly measured. A 
quantifiable intangible IT benefit is one that can be measured, but its impact does not 
necessarily directly affect the firm’s profitability. Unquantifiable intangible benefit is 
the most difficult type of IT benefits to define, as it refers to the benefit that cannot 
easily be measured and the impact of the benefit does not necessarily directly affect the 
firm’s profitability. 
 
IT benefits Categorization three: direct and potential benefits 
Brynjolfsson and Hitt (1998) also classified IT benefits into direct and potential 
benefits. Direct benefits refer to those direct cost savings enjoyed through the 
implementation the IT. They suggested that the value of the IT investments should not 
be measured only by cost savings. Improvements in quality, customer service, and new 
product development must also be considered. But whether they will occur depends on 
organization’s commitments. This kind of benefits is classified as potential benefits, 




Dividing IT benefits into tangible and intangible, quantifiable and unquantifiable, and 
direct and potential are the most widely accepted ways for classification. Their 
classification criteria are easy to understand and therefore it is straightforward to judge 
which category a certain benefit belongs to. These ways of classification help investors 
and managers to have a better understanding of the nature of IT benefits. It is, however, 
not enough to make such general classifications in an evaluation framework, since the 
purpose of classifying IT benefits is to explore proper evaluation measures for each 
group of benefits. There is not much practical meaning in making a classification that 
can only provide general information such as whether a certain group of benefits can 
or cannot be measured directly by monetary value. Benefits should be categorized at 
least to the extent that a group of benefits could be measured on the same base.   
 
IT benefits Categorization four: business efficiency, business effectiveness and 
business performance 
Andresen (2000) presented a framework for measuring the IT benefits in construction. 
In his proposed framework, IT benefits are categorized into three types, business 
efficiency, business effectiveness and business performance. This way of classification 
is taken from the perspective of nature of IT impacts on business.  
 
There is no definition for each category but a comprehensive synthesized benefits 
checklist is provided. Benefits in the business efficiency category mostly carry the 
general characteristic of saving cost and time. While benefits in the other two 
categories all have the intangible or long-term return nature, such as minimizing risk, 
increasing flexibility and improving quality and communication.  
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This way of categorization is more suitable for IT benefits evaluation at the company 
level since it focuses on the business impact of IT. But there is criticism on its practical 
application. Users cannot clearly differentiate benefits of business effectiveness from 
those of business performance. Benefits of business performance can be seen as the 
long-term results of those of business effectiveness. According to the case study done 
by Andresen, it was found that none of the identified benefits were categorized as 
effectiveness, which suggested that it is quite possible that this category is too difficult 
to understand and use.   
 
IT benefits Categorization five: operational, tactical and strategic benefits 
Another way of categorizing IT benefits is to classify them into operational, tactical 
and strategic benefits (Irani and Love, 2001). Strategic benefits can be deemed as the 
positive results of IT transforming business competition. Tactical benefits are those 
derived from IT transforming business process and product, which take the form of 
quality improvement, both in product dimension and in service dimension. Operational 
benefits come from IT transforming business process, which may ultimately 
materialize as cost reduction or productivity improvement. Both tactical and 
operational benefits can be derived from IT transforming business process. When the 
transformation helps the company to know how to do things right, efficiency could be 
improved and operational benefits realized; if the transformation helps the company to 
understand what are the right things to do, effectiveness could be improved and tactical 
benefits realized.  
 
Much of literature supported this kind of categorization of IT benefits in construction 
and pointed out that technological developments are re-defining the way construction 
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firms carry out many of their strategic, tactical and operational business processes 
(Betts and Shafagi, 1997; Betts, 1999). Love et al. (2000) stressed that focus needs to 
be placed on a variety of benefits at the strategic, tactical and operational levels.  
 
This way of categorization reflects the dynamic nature of IT application evolution and 
benefits derivation. The application of IT has evolved and is continuing to evolve 
through three stages (Chow, 1989; Betts, 1999), as summarized in Table1: 
Table 1: Three stages of IT evolution 
Stage Impact Benefits 
Automation  Doing the same things 
more efficiently 
Operational efficiency and 
productivity improvement 
Information management Doing things differently 
Managerial decision 
support 
Operational efficiency and 
tactical effectiveness 
achieved 
Business transformation Transform business 
process 
Strategy effectiveness  
Competitive advantage 
Source: Author 
In the 1960s, IT was mainly used for transaction processing, clerical and 
administration, which could only generate productivity and efficiency benefits. From 
1970s to 1980s, the application of IT matured to support managerial decisions and 
became tools to individual managers. Both operational efficiency and tactical 
effectiveness can be derived from successful implementation of IT. From the late 
1980s onwards, we are in the era where IT can help to gain competitive advantages. In 
addition to operational and tactical benefits, strategic benefits are expected to be 
achieved with IT. 
 
A similar development trend exists in the application of certain IT system in a 
company. In some cases IT can generate all three categories of benefits at different 
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stages of the IT lifecycle or even beyond it. Categorizing IT benefits into operational, 
tactical and strategic, in a sense, reflects the maturity of application of IT in a company. 
 
2.2.3 Justification of techniques for IT benefits evaluation  
Efforts in the literature have been given to categorizing the existing IT benefits 
evaluation methods. For example, from the perspective of their usage, they can be 
categorized into four groups as suggested by Farbey (1993): quantification methods 
(seeking to quantify system inputs and outputs in order to attach values to them); 
comparison methods (such as boundary values or spending ratios); exploratory 
methods (relying on the attitudes and opinions of users and system builders); and 
experimental techniques (prototype and simulation).  
 
A majority of attempts in measuring IT benefits can be found in investment 
justification techniques. All these techniques are either traditionally used for many 
kinds of investment evaluation or innovative techniques developed for IT projects 
evaluation. The former can be further subdivided into four categories: financial 
techniques; the ratio approach; the portfolio approach; and the multi-criteria approach. 
In the next section, the most widely used methods in literature under each category will 
be discussed in detail. It is worth mentioning that some of the methods are marked by 
several categories, therefore they are divided into categories on the basis of 
characteristics that are perceived as predominant. 
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 2.2.3.1 Traditional evaluation techniques 
Financial techniques  
Financial techniques are discussed widely in accounting and finance literature, 
including Cost-Benefit Analysis, Payback Period, Return On Investment (ROI), 
Internal Rate of Return (IRR), Net Present Value (NPV), Productivity Index and so on.  
Financial techniques are widely used by organizations to appraise IS/IT investments, 
and that this trend is likely to continue in the future (Ballantine and Stray, 1998).  
 
The wide adoption of financial techniques in IT evaluation may stem from the 
fundamental assumption that an organization’s primary objective is to maximize the 
shareholder’s wealth.  Financial appraisal techniques are consistent with the theory of 
shareholder maximization and, therefore, are adopted more willingly. 
 
However, the general weakness of financial approach is that it requires confidence, 
accuracy, and knowledge about issues that, for innovation like IT projects, are 
unknown, ill-defined and uncertain. For example, cost-benefit analysis is under the 
assumption that all costs and benefits can be assigned a value. But actually to do that is 
very difficult and in most cases the assigned value may not be accurate. It is even 
harder to calculate the levels of confidence placed in them. Costs and benefits can only 
be directly compared when they have been derived with the same confidence. There is 
a danger that too much credence will be placed on any numerical result that is 




While it is important to quantify and express in financial terms as many of the costs 
and benefits as possible, it is not possible to convert all “intangibles” to financial 
figures. Too much reliance on hard data on the costs and benefits in terms of money 
will severely underestimate the benefits. Financial assessment is important, but 
capturing so little of the picture of IT benefits makes it necessary to develop other 
methods to give a more complete view. 
 
The ratio approach 
Ratio approach is also popular for IT benefits evaluation, such as Return On 
Management and Boundary Values, or Spending Ratios. In some cases where it is 
unnecessary or impossible to know the absolute value of IT benefits, the evaluation 
purpose is then to determine if there have been any differences resulting from the 
introduction of IT.  Ratio approach is a good choice for this purpose.   
 
Return On Management (ROM) is defined as the residual value after deducting from 
total revenue the cost of, and value added by, each resource (including capital) except 
for management resources, which identifies the quality of management rather than size 
of investment as the critical factor in superior IT performance. The main disadvantage 
of this method for IT benefits evaluation is the difficulty in estimating and calculating 
changes. Changes in ROM are based on an estimate of revenue after IT is implemented 
and, therefore, evaluation of IT benefits in the pre-implementation stage requires 
estimating the increase in revenue generated by the system. It is even harder to 
separate contributions made by each source. Sometimes the residue assigned as the 
value added by management cannot be directly attributed to the management process. 
The observed change in the value added by management may be the consequence of 
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any number of other factors (Farbey et al., 1993). Difficulties in obtaining those 
figures make this method best suited to the evaluation of existing systems and is better 
suited to post-evaluation of IT project.    
 
Boundary Values, or Spending Ratios, is based on ratios of total IT expenditure against 
known aggregate values. Typical ratios include total IT expenditure against the value 
of sales, total labour costs, total operating expenses, total value of assets and total 
value of deposits (for banks) (Farbey, 1993). This method intends to provide a general 
view of how an enterprise or one division within an enterprise is when comparing with 
its peer enterprises (of peer divisions) in the same industrial sector. Through this 
method, an organization can quickly and easily judge its position relative to its 
competitors, and launch further analysis if necessary. The weakness of the method is 
that it just focuses on the “cost” side while seldom considering the “benefit” factor and, 
therefore, is not suitable for IT benefits evaluation. Additionally, the comparisons 
based on spending ratios provide no explanatory information and the averages can hide 
considerable variations in individual results. Therefore, the value of these averages as a 
guide to decision making must be treat with caution.  
 
The Ratio approach has its advantage of clearly showing an organization’s current 
position compared with its previous position or current peers. However, using this 
approach it is very difficult to make estimation of figures needed and the absence of 
any kind of causal rationale will result in the inaccuracy of the evaluation results. Also 
this approach has limitations in its application scope. Sometimes, it has nothing to 
contribute to the evaluation of individual applications, since it is concerned with 
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aggregate statistics (such as Boundary values). Therefore the Ratio approach in 
practice is not a serious contender as an IT benefits evaluation technique. 
 
The portfolio approach 
Portfolios are a well-known decision-making tool in the management literature 
(Renkema and Berghout, 1997). Using this method, the IT projects under evaluation 
will be plotted against several evaluation criteria. Investment portfolio and investment 
mapping are popular portfolio approaches.  
 
In the investment portfolio, any IT investment proposal will be evaluated on three 
criteria simultaneously: contribution to the business domain; contribution to the 
technology domain; and financial consequences, by means of net present values (NPV) 
calculation. Three important involvements will be taken into account: senior 
management, IT management, and the project management of the development project. 
Investment portfolio is used both to evaluate a single IT investment proposal and to 
compare and prioritize several investment projects.   
 
Investment mapping method is another famous portfolio approach. Investment 
proposals are plotted against two main evaluation criteria, the investment orientation 
(infrastructure, business operations and market influence) and the benefits of the 
investment (productivity improvement, risk minimization and business expansion). 
The position of an investment proposal on the two axes is determined by a score on the 
evaluation criteria, which makes the IT investment strategy more explicit. 
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Portfolio approach has its advantage that it takes into account the opinions from 
various parties and considers the alignment of the IT investment strategy with the 
business strategy. It is also fairly easy to use because of its visual representation. But 
its application is too limited. It can only be used at the feasibility stage to help to make 
the investment decision since it can only provide very general information. There are 
too many unforeseeable factors that make the estimation at the feasibility stage very 
inaccurate. An ideal approach should have the flexibility to expect and evaluate all 
benefits arising from all stages and ensure them to be realized.  
 
The multi-criteria approach 
The multi-criteria approach is used in many decision-making problems and is well 
known in the capital budgeting literature (Wissema, 1985). Since single financial 
measure is not enough to cover the comprehensive benefits that derived from IT, more 
measures are explored to serve as evaluation criteria. This gave rise to the multi-
criteria approach. Usually before using a multi-criteria method, a number of goals or 
decision criteria are designed. Scores will be assigned to each criterion for each 
alternative IT system. The final score of an alternative is calculated by multiplying the 
scores of the different decision criteria with the relative weights of the alternative 
criteria. Popular evaluation methods under this category are Multi-Objective-Multi-
Criteria (MOMC) and Critical Success Factors (CSFs). 
 
The MOMC method is grounded in the view that people’s behaviour is determined to 
an extent by their feelings that their preferences are recognized. In most cases, 
different stakeholders of a firm may have different ideas on the benefits that IT project 
will deliver. This method explores different viewpoints in the evaluation from the 
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decision making stage, allowing different party to express his perceived benefits 
against each criterion. Each goal or criterion will be attributed a relative weight and IT 
benefits will be assessed against those criteria to see whether the initial goals have 
been achieved.  
 
In the Critical Success Factors method, those factors that, in the executives’ opinion, 
are critical to the success of the business are identified. They are ranked into levels of 
importance. Then anticipated and actual IT benefits are assessed against these CSFs. 
By addressing critical issues, this method draws the evaluator’s attention to the aspects 
the executives regard as important. The analyst can then go on to examine the extent to 
which IT can be used to support the executives in dealing with the critical issues. 
 
The most salient advantage of the multi-criteria approach is that it helps to achieve 
consensus on the attributes and objectives of IT and it covers a wide spectrum of 
benefits from different viewpoints. But its disadvantage is also obvious. Both MOMC 
and CSFs only provide the way to conduct the evaluation. No general criteria for a 
certain area are presented for reference purpose. Evaluation criteria vary from case to 
case.  Companies have to generate their own criteria for each IT benefits evaluation. In 
addition, the evaluation process involves a great deal of discussion and can be very 
costly and time consuming. 
 
Appendix A contains a summary table of the traditional evaluation techniques 
discussed above. 
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 2.2.3.2 Innovative techniques developed for IT benefits evaluation 
Besides those general evaluation approaches, many other methods have been applied 
especially for IT benefits evaluation. Efforts have been given in those methods to deal 
with the intangible nature of IT benefits. 
 
Bedell’s approach 
Bedell (1985) put forward an approach for measuring IS/IT effectiveness. Three stages 
are involved in this approach. In the first stage, indices are defined to represent the 
effectiveness of the proposed IT system in supporting certain activities and the whole 
organization. In the second stage, indexes are developed to represent the importance of 
the IT system to activities and organizations as well as the importance of activities to 
organizations. In the third stage, the IT system will be given scores under those indices, 
respectively, and therefore all indices can be calculated.  The benefits of the IT system 
are the product of the importance of the system and the improvement of quality (in 
terms of efficiency and effectiveness) after implementing the system.  
 
The advantage of this approach is that it is easy to understand and time-saving to 
implement. The results are specific and direct and, therefore, can be used directly to 
make comparison among alternatives. However, this approach depends totally on the 
subjective attitude of the evaluator. The overall inputs are nominal numbers given by 
the evaluator. Therefore, through this approach, only cursory ideas about the 




Value Analysis is a systematic methodology that begins with the observation that most 
successful innovations are based on enhancing value added rather than on saving costs. 
It follows a general principle of effective decision-making – simplify problem to make 
it manageable, which merely identifies relevant benefits and tests them against what is 
in effect a market price (Peter, 1981). The logic and sequences of this approach are as 
follows: 1) establish benefits and group the identified benefits into homogeneous 
categories using statistical technique of cluster analysis; 2) establish cost threshold, 
which is to define the maximum cost one would be ready to pay to gain the benefits; 3) 
build version “0”, which is to determine the cost if a prototype can be built that 
delivers the necessary capabilities; and 4) assess the prototype, which, for the marketer, 
means working closely with the user and providing responsive service.  The process 
uses the Delphi approach to establish values and to get a consensus trend that is then 
regarded as the most likely outcome.  
 
Value analysis is considered a robust procedure for establishing agreed numeric scores 
for intangible benefits for further analysis. This method helps the decision makers 
reduce uncertainty on benefits identification by means of prototype demonstrations and 
the Delphi approach. However, few works mentioned this method in the last ten years, 
perhaps because in this method establishing values through the Delphi approach is a 
lengthy and costly exercise. Much of those values stem from the insights gained from 
the exploratory nature of the process. In order to get a consensus of the identified 
benefits, the Delphi approach confronts all of the managers with the speculations of 
their fellow managers (Farbey et al., 1993).  
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 Information Economics 
Information Economics was developed by Parker et al. (1988) to identify, measure and 
rank the economic impact of all the relevant changes on organizational performance 
thought to be brought about by the introduction of new IT systems. In practice, it is a 
variant of cost-benefit analysis, tailored to cope with the particular intangibles and 
uncertainties found in information system projects (Farbey et al., 1993). In this method, 
the impact of IT is assessed for risks and benefits by applying a scoring system to 
allow a decision to be made. Criteria are provided from the business domain and IT 
domain. Value and risk categories are attributed a score between 0 and 5. Each of these 
categories is assigned a weight. Evaluators score the IT system according to each 
criterion. By adding the weighed scores of the value categories and subtracting the 
weighed scores of the risk categories, one can calculate the total score of each IT 
project.   
 
Information Economics is the best known IT investment justification technique that 
attempts to take into account the risks and benefits of a proposed investment in IT. It is 
one of the first attempts to explore the wide-ranging impact of IT on organizations by 
covering financial, business and technological criteria.  
 
The deficiency of this method is that, in practice, it requires considerable expertise to 
implement an in-depth analysis of various possibilities. Additionally some of the 
criteria are too abstract to understand – they may confuse the decision maker with 




The Balanced Scorecard (BSC), initially developed by Kaplan and Norton (1992), is a 
performance management system that enables businesses to drive strategies based on 
measurement and follow-up (Grembergen and Saull, 2001). In recent years, the BSC 
has been applied to IT evaluation (Grembergen and Saull, 2000; 2001; Rosemann, 
2001; Meyerson, 2001; Eickelmann, 2001) as a way of taking a wider view of IT 
benefits. Measures in BSC are tracked and traced over time, and explicitly integrated 
in the strategic management of the IT department, which makes the evaluation more 
dynamic and strategic.  
 
Besides the traditional financial measures, Balanced Scorecard accounts for a wider 
range of effects as it also consists of indicators for the performance of the internal 
processes, the customer relationship management, and the innovation and learning 
activities (Rosemann, 2001).   
 
The Balanced Scorecard approach provides measures that can be usefully tracked 
beyond the investment appraisal stage and into the system’s life cycle. Also, it is able 
to present a relative comprehensive picture of IT benefits because it utilizes a wide 
spectrum of measures. While clearly capturing an important aspect of the IT impacts 
on business, this approach is labour intensive to apply, since each business must 
develop its own measures for the evaluation. 
 
Andresen’s framework for measuring IT benefits in construction 
More recently, Andresen et al. (2000) presented a new framework for measuring IT 
benefits in construction. The framework is more focused on evaluating the business 
impact of IT on a certain industry. It is based on the principle that benefits realization 
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must be managed by planning for strategic alignment and business-driven exploitation, 
by managing the process of predicting benefits, and by measuring resulting benefits 
after a system or innovation is implemented.  
 
In this framework, IT benefits are categorized into three types: business efficiency, 
business effectiveness and business performance. Each benefit is assigned a weight 
and likelihood of the benefit occurring. The core evaluation procedure is to give each 
benefit an expected score and a measured score. The outcome of the evaluation is as 
shown in Table 2. 
Table 2: Overall business benefits of IT (Andresen’s framework) 
Types of Benefits Expected Benefits Measured Benefits 
Efficiency Benefits - Quantifiable and 
Valuable 
Total forecast monetary 
value (₤) 
Total realized 
monetary value (₤) 
Effectiveness Benefits - Quantifiable but 
non-valuable 
Total forecast score /100 Total realized score 
/100 
Business Performance Benefits - Non-
quantifiable and non-valuable 
  
Source: Andresen et al. (2000)  
 
The framework has some outstanding advantages as pointed out by the author, 
including a clear statement of the means by which benefits are measured, clear 
accountability for actions, a focus on strategic thinking, identification of benefits that 
were previously unquantified and unidentified, creation of a learning culture, and a 
means for comparing alternative proposals and solutions. 
 
The framework on the other hand has its limitations. In practice it was found that it is 
inappropriate to categorize benefits into those three groups. According to the case 
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study done by Andresen (2001), in cases where the framework was applied 
successfully, it was found that the “effectiveness benefits” was not used because none 
of the identified benefits were categorized as effective. Even in a few of the cases 
where there were identified benefits of this type in the first attempt, these were 
eventually either deleted or re-categorized as performance benefits. It was concluded 
that this category is either too narrowly defined by focusing on very rare benefits, or it 
is difficult to understand and use.  
 
Some other criticism about this framework is focused on its outputs. The outputs 
provided by this framework were found to give a detailed insight into the expected 
impact of the IT investment in the company, but were judged as less suitable for 
decision-making because of the difficulties in achieving an overview of the multi-
dimensional outputs. 
 
Appendix B contains a summary table of the above-discussed innovative techniques 
developed for IT benefits evaluation. 
 
2.2.4 Other issues in IT benefits evaluation 
In the IT benefits evaluation literature, there are some other important issues that have 
also caused much concern.  
 
Evaluation in the lifecycle of IT 
A number of approaches for lifecycle management of IT have been introduced 
(Willcocks, 1994; Thorp, 1998; Mckay and Marshall, 2001). Like many systems, the 
IT system’s lifecycle includes its beginning, development and ending activities. IT 
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benefits evaluation, as a part of activities in the lifecycle of IT, should be a process and 
not a “once for all” event. The findings of Willcocks (1992) in his survey of fifty 
organizations during the 1990-1992 periods endorse the concept of “Evaluation Cycle”.  
 
In fact, one of the main reasons for evaluation is to learn from successes and mistakes. 
Promoting learning within the organization will lead to more accurate forecasting of 
potential IT benefits. A learning cycle can be enhanced by linking evaluation across 
stages and time, thus making “islands’ of evaluation more integrated (Willcocks et al., 
1993).  
 
The purpose of IT benefits evaluation  
In an IT benefits evaluation, attention must be paid to the reasons why the assessment 
is being undertaken, as the interpretation of evaluation results depends on the purpose 
of evaluation. Evaluation studies can take the form of pre-implementation feasibility 
studies that aim at choosing between alternative proposals/systems or taking a “Go” or 
“No Go” decision. Also evaluation can be conducted in the post-implementation stage 
with the purpose of comparing the obtained results with the expected ones and learning 
for future projects. Conclusion will be made on whether the original goals have been 
achieved. Alternatively, evaluation studies may be regular occurrences in between the 
pre-implementation and post-implementation exercise whose purpose is to learn any 
changes during the implementation or to monitor the progress of a system, perhaps 




Another important issue in the IT benefits evaluation concerns the parties involved in 
the evaluation. Usually those who may be affected by the introduction of IT will bring 
out the requirement of IT benefits evaluation. Evaluation should be framed in terms of 
what the affected parties deem significant.  
 
Remenyi (1995) argued that in the evaluation of IT benefits, an important 
consideration is the individual that will be involved in the evaluation. For example, if 
the evaluation is mainly for the interest of the accountant, the NPV or ROI can provide 
the necessary information. If the evaluation is conducted for the operating management, 
the focus may be directed at the issue of whether the organization is getting the most 
from the IT investment. If the question of benefits is being asked by the Board of 
Directors, then the focus is probably on the issue of whether IT is enhancing the 
general performance of the business as a whole.  
 
It is also necessary to analyze the stakeholders who will be affected in the value chain 
during the implementation of IT. Lin and Pervan (2001) proposed any IS/IT value 
analysis without an assessment of all relevant stakeholder benefits is incomplete and is 
likely to underestimate the full extent of the benefits. IT benefits that accrue to various 
stakeholders of a firm such as customers, suppliers, and employees have become more 
significant in recent years as IS/IT is no longer confined to an isolated area, but is 
permeating the whole value chain in modern business (Lin and Pervan, 2001).  
 
The person selected to conduct the evaluation needs to have detailed knowledge of IT 
and a good background in the management of change or IT implementations. 
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Individuals with all these characteristics are rare; therefore an evaluation team that 
together has the requisite skills is needed. 
 
2.2.5 Conclusion 
Literature has proved that IT has strong relationship with company performance. The 
existence of conflicting results has been given reasonable explanations. In most cases 
financial measures were chosen as indicators of company performance, which will 
definitely lead to negative measuring results if IT does not intend to improve 
company’s financial performance. Improvement in financial performance can only 
reflect a part of the whole picture of IT impact on a company’s performance. Goals for 
IT, which concern the aspects of company performances that IT intends to improve, 
provide directions for IT benefits evaluation. Proper measures in each performance 
field are needed to capture the impact of IT. 
 
Much effort has been given to identifying and classifying potential IT benefits.  The 
most salient problem in measuring IT benefits is the existence of a large portion of 
intangible benefits and their long-term return property. Various ways have been 
provided for IT benefits categorization, which help to get a clearer understanding of 
potential IT benefits and makes it easier to identify them. There is no best way for 
categorization; each has its sense in identifying and specifying IT benefits. 
 
Despite the existence of wealth of literature in IT benefits evaluation, those methods 
are still deemed unsatisfactory in practice. Willcocks (1992) provided an overview of 
the major evaluation methods, and concluded that the area of IT evaluation is not well 
developed but is increasingly important. Formal/rational approaches contribute to one 
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piece of the picture but are not rich enough to describe the complex impacts within 
organizations (Serafeimidis, 2001). Those techniques designed especially for IT 
benefits evaluation provide better solutions to deal with intangible benefits. However, 
most of them are questioned on their subjectivity. In most cases new methods and 
guidelines for evaluation are introduced without building on the extensive body of 
knowledge that is already incorporated in the available methods. Thinking in this area 
of study is fairly fragmented and no one has attempted to provide any real type of 
integration (Lubbe, 1999). 
 
Problems associated with measuring IT benefits are neither new nor unique to the 
construction sector but more acute in construction as a result of the industry’s structure, 
fragmentation, and under capitalization.  In fact, standard techniques do not appear to 
be widely used in construction even though they have been employed usefully in other 
fields (Andresen et al., 2000).  
 
In conclusion, IT benefits evaluation has received limited attention in the construction 
literature. Major problems are:  
• There is no comprehensive list for categorized IT benefits for construction 
companies. Managers do not see the whole picture of IT benefits for their 
companies. Only tangible benefits are put into consideration while some significant 
intangible benefits are underestimated. 
• There are limited measures for the evaluation. Traditional productivity or financial 
measures do not encompass all the impacts that IT spawns. It is difficult to conduct 
the evaluation because of the difficulty in obtaining proper measures identification 
and data collection.  
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• There is no systematic way to guide the evaluation and it is even difficult to draw 
overall conclusions about the evaluation. For example, evaluation results may vary 
from changes in a company’s financial performance to improvements in customer 
relationship, or even improvements from an internal point of view. Differences 
between financial and non-financial consequences make it difficult to compare the 
different consequences on an equal basis. 
 
Evaluation of IT benefits in construction industry currently is a major issue for both 
management and academics. All those problems presented highlight the need of an 
evaluation framework that helps to make IT investments in construction more certain 
and effective. 
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Chapter Three: Proposed IT Benefits Evaluation Framework 
 
In this chapter, a conceptual IT benefits evaluation framework is proposed based on 
literature review, which deals with wide spectrum of issues in measuring IT benefits 
(such as why, what, who, when and how). The original concept is described first. Then 
the proposed framework is presented and each component is discussed in detail. 
 
3.1 Origins of the basic concept 
Farbey and Targett (1993) brought forward an IT evaluation framework, which 
expands the traditional narrow approach of the identification and quantification of the 
tangible costs and benefits of an IT investment. The framework is known as the three 
rings of the evaluation “onion” as shown in Figure 2. 
                                                            
      Context (Who, Why) 
 







Figure 2 IT evaluation framework (three rings of the evaluation “onion”) 
Source: Farbey and Targett (1993).  
 
The core of the “onion”, Content of an evaluation, concerns what should be measured 
while the intermediate layer, Process of evaluation, concerns the way in which 
evaluation is carried out (the techniques and methods used). Finally the outermost 
layer is the Context of evaluation, which includes social, economic and political 
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environment (external), and the structure, corporate culture within an organization 
(internal).  
 
3.2 Proposed framework 
In this research, a proposed framework based on the above concept has been 











Figure 3 The “Five Cs” IT benefits evaluation framework 
(Source: Author) 
 
The outermost layer of the framework is the Context, which is defined as the overall 
business environment in which the IT investment is conceived and then implemented. 
Any other components in the evaluation framework are determined by the Context, 
directly or indirectly.  Main issues in the Context are business strategy, purpose of IT 
benefits evaluation and evaluation involvement.  
 
The Context determines what kind of IT will be needed and hence the Characteristic of 
IT. The Characteristic refers to IT function and IT goal in the company, which reflects 
the IT strategy of a company.   
 
Both the Context and the Characteristic determine the Content. The Content in the 
framework concerns with what should be measured and focuses on benefits 
 42
identification and categorization, and evaluation measures selection. This is the critical 
part of the framework. 
 
Another important issue is how the evaluation should be done. The Conduct in the 
proposed framework refers to the way in which evaluation is carried out. The last 
component, the Conclusion, concerns with the interpretation of evaluation result, 
which provides the necessary information for managers to take appropriate actions to 
ensure benefits realization.  
 
Compared with the evaluation onion’s three rings, the proposed framework includes 
two more components: the Characteristic and the Conclusion. In order to address the 
importance of the alignment of IT with business strategy, the Characteristic is included 
to highlight the evaluation from the “IT side”, which together with the “business 
strategy side” (the Context) guide the evaluation to focus on the right things that 
should be measured. The Conclusion is included in the framework to make it a 
systematic and comprehensive one. 
 
A simple example will demonstrate the relationship among each component in the 
proposed framework. The senior manager of a construction company has realized that 
the lack of integration of information flows has led to low productivity and low 
competitiveness in the company. He also perceived that IT plays an increasingly 
important role in the preparation, dissemination and management of time-critical 
information in the construction industry. It is expected that the effective use of IT 
would help to solve the problems presented in the company.  
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The current business strategy for the company is defined as gaining low cost leadership 
and improving customer satisfaction to gain competitiveness (Context: business 
strategy). Managers aim to procure more projects by providing in time response and 
competitive price to the tender. Therefore, they intend to invest in an IT system that 
could enable new ways of management in preparing tenders (Characteristics: IT goal). 
The proposed IT system is expected to produce, from a set of CAD generated 
drawings, reports that list bills of quantities and the materials required for the 
construction of the project. Also it will assist with the selection of the most appropriate 
vendors for the supply of the required materials (Characteristics: IT function).  
Quicker and better decision making could be achieved as more up to date information 
will be obtained easily in a more integrated manner. A response to a project bid 
invitation could thus be shortened within a few days instead of weeks.  
 
In order to know whether investing in IT is a good choice, an IT benefits evaluation 
will have to be undertaken (Context: evaluation purpose). The senior manager, the 
manager from the tender department, and the quantity surveyor will participate in the 
evaluation (Context: evaluation involvement). They will conduct the evaluation 
following a standardized route (Conduct), and based on the evaluation result they will 
produce a conclusion report to make a decision on whether to invest the proposed IT 
system (Conclusion). 
 
In the following sections, each component in the proposed framework will be 




In this research, the Context is defined as the overall business environment in which 
the IT project is conceived, implemented and evaluated such as the business strategy, 
the purpose of IT benefits evaluation and the evaluation involvement. Similar IT 
investments frequently have quite different outcomes. In order to make accurate 
evaluations, strategic context and human context may need to be documented (Chan, 
2000).  
 
Tallon et al. (2000) argued that business executives in corporations have very different 
goals for IT, which means that the context or environment in which IT operates is a 
key factor that should be considered by IT evaluators when investigating IT payoffs. 
 
In the Context, the following questions should be answered before conducting the 
evaluation: What is the business strategy of your company? Does the IT system 
support the business strategy? What is the purpose of IT benefits evaluation? Who will 
be involved in the evaluation? Answers for the above questions will help evaluators to 
identify where the top-level management is trying to move the business to and what 
the supporting IT strategy is. This information is necessary for the evaluators to attach 
relative importance to those key performance indicators, which will orient the 
evaluators to measure the right things that should be measured.  
 
3.3.1 Business strategy 
Business strategy is focused on competitiveness in particular markets, industries or 
products. IT is a key lever in obtaining competitive advantage at the corporate level 
(Betts and Ofori, 1999). The literature on company strategy management suggests that 
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there are seven competitive strategic dimensions, including human resource 
differentiation, product differentiation, technology leadership, market share 
orientation, cost orientation, segmentation and product breadth (Floyd and 
Wooldridge, 1990; Sakaguchi and Dibrell, 1998). The proposed framework extends the 
dimension by including improving relationships with customers to gain customer 
satisfaction, since for construction companies, customer relationship is an area that 
needs more attention. There are many kinds of partners involved in the construction 
activities such as the owner, the supplier, the subcontractor and the final user of the 
facilities constructed. IT will alter the manner in which firms maintain customers, 
negotiate with suppliers and compete with rival firms (Sakaguchi and Dibrell, 1998).  
 
It is worth mentioning that in the proposed framework, the Context is not concerned 
with how to generate a business strategy for a company. It is the existing strategies that 
serve as the overall environment for measuring IT benefits. 
 
3.3.2 The alignment of IT with business strategy 
Strategic alignment, that is the alignment of IT with the business strategy, has a key 
role to play in the determination of IT payoffs (Tallon et al., 2000). There is no 
meaningful answer to the question of what the best IT is. The notion of the best IT has 
got to be placed in a very specific context; the key is to find out what is the best IT for 
a company in terms of the company’s requirements. 
 
At times there seemed to be an assumption implicit that desirable outcomes would be 
achieved if only alignment could be achieved (Mckay and Marshall, 2001). The 
persistent interest in strategic alignment is especially warranted as researchers argue 
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that firms’ inability to realize sufficient value from their IT investments is due in part 
to an absence of strategic alignment (Venkatraman, 1993; Woolfe, 1993). In fact, 
Willcocks (1992) pointed out that it would seem to be difficult to perform a 
meaningful evaluation of IT investment without some corporate controlled frameworks 
establishing information requirements in relation to business/ organizational goals and 
purpose, prioritization of information needs. Demonstrably close alignment between 
business strategy and IT initiatives is likely to enhance perceptions of potential 
benefits from IT investments (Mckay and Marshall, 2001) and, therefore, help 
managers make more accurate estimation of expected benefits. 
 
Tallon et al. (2000) developed a process-oriented model to assess the impacts of IT on 
critical business activities within the value chain. The model incorporates corporate 
goals for IT and management practices as key determinants of realized IT payoffs. The 
analysis of the data collected from 304 business executives worldwide confirms that 
corporate goals are useful indicators of payoffs from IT. Management practices such as 
strategic alignment contribute to higher perceived levels of IT business value. 
 
There is an increasing sophistication with respect to perceptions of IT benefits as 
shown in Figure 4, which demonstrates people’s realization of the importance of the 













Investing in IT and 
making necessary 
business changes, will 
bring business benefits
Establishing clear business 
objectives & then investing 
in required IT (and in 
resources) to achieve those 
objectives will bring 
business benefits 
Investing in IT 
will bring 
business benefits 
Figure 4 Increasing sophistication with respect to IT
Source: Mckay and Marshall (2001) 
 
3.3.3 Purpose of IT benefits evaluation  
The purpose IT benefits evaluation guides the interpretation of the evaluation results. 
In the proposed framework, evaluation include pre-implementation feasibility studies 
with the purpose to make investment decision, regular reviews with the purpose of 
monitoring the benefits derivation process, and post-implementation evaluation with 
the purpose of comparing the obtained results with the expected ones and concluding 
whether the original goals have been achieved.  
 
3.3.4 Evaluation involvement 
Another important issue in the Context is concerned with who will be involved in the 
evaluation. In order to grasp the complete IT benefits, managers should know where 
the benefits are going and how is the distribution of those benefits among different 
stakeholders (Jurison, 1994).  
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From the literature review and discussion with experts from local construction 
companies, it is suggested that there may be six kinds of involvement in the evaluation, 
IT manager, internal audit, user department, financial officer, senior manager and 
external partners. They are all included in the proposed framework. 
 
Appendix C presents summary tables for the Context. 
 
3.4 Characteristic  
The Characteristic in the proposed framework refers to the function and goal or 
purpose of IT in the company. What kind of benefits can be derived depends on what 
function IT serves. IT goals will determine the perspectives from which IT benefits 
evaluation should be conducted. The matching of benefits to IT systems purpose is 
really a key aspect to understanding and managing IT benefits (Remenyi, 1995). 
 
The following sections discuss in detail the two main issues of the Characteristics: 
function and goal or purpose of IT in a company.  
 
3.4.1 Function of IT 
Function of IT in the proposed framework is defined as the job that IT does. Many 
efforts in the literature have tried to categorize functions of IT systems (McFarlan, 
1984; Hochstrasser, 1990; Francalanci and Milano, 2002). There are no rigid rules for 
the categorization. In the case of construction companies, most IT functions fall into 
the first two categories in Francalanci and Milano’s (2002) categorization: 1) 
supporting the production process of an organization’s products or services, like 
production function and project management; and 2) supporting the management of 
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organizational production processes, which include administration, accounting 
programs and sales, marketing and customer support.  Table D-1 in Appendix D shows 
the detailed function of IT in construction companies, which has been derived from 
literature review. 
 
3.4.2 IT Goal (Purpose)  
IT goal in this research is defined as the expectation of IT application in a company. It 
is likely that goals for IT influence a firm’s IT investments and consequently the extent 
to which these investments will contribute to firm performance (Tallon et al., 2000).  
 
Generally speaking, at the company level, the ultimate IT goal is to improve the 
company’s performance by supporting its strategy. There are four kinds of 
performance at the firm level (Jenster, 1987): 1) economic performance (financial 
perspective); 2) marketing performance (customer perspective); 3) productivity and 
quality (internal process perspective); and 4) innovative attainments (innovation and 
learning perspective).  
 
Therefore, the proposed evaluation framework includes four kinds of IT goals 
accordingly: 1) enable new ways of management and improve productivity and 
quality; 2) improve company’s economic performance; 3) improve company’s market 
performance; and 4) improve the innovative culture in the company. These four kinds 
of IT goals are derived from company’s operational and business strategy. Therefore 
they reflect the corporation goal, which is to achieve improvements in the company’s 
performance, both internal and external.  
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Shaping a specific IT goal in the evaluation framework is an effective way to manage 
the expectations of IT. If the expectations for a project, system or application are not 
realistic, the effort is doomed to result in unsuccessful implementation of IT since the 
result is far from what has been expected. Users and management become frustrated 
when they do not see the benefits promised. Aligning the IT goal with a company’s 
business strategy helps IT and business managers work together to define realistic 
expectations of IT. 
 
As mentioned in the Context, the alignment of IT with business strategy is a critical 
consideration in IT benefits evaluation. IT goal reflects the IT strategy of a company. 
Fundamental to the efficient use of IT in construction firms is an effective IT strategy 
and fundamental to an IT strategy is the business strategy to which the firm is 
committed. An IT strategy can only deliver results if it supports the business strategy. 
Therefore construction companies should develop IT strategies that are in line with 
their company’s business strategy with consideration given to current technological 
trends regarding IT (Betts et al., 1999).  
 




The Content in the proposed framework refers to specific benefits that should be 
measured and their measures. What benefits can be derived from the introduction of IT 
depends on the Context of the evaluation and the Characteristic of IT. Two main issues 
are included in the Content: benefits identification and categorization, and measures 
selection.  
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 3.5.1 Benefits identification and categorization 
In most cases IT benefits are unknown and the purpose of the evaluation is, in part, to 
identify the benefits that might be achieved, especially those intangible benefits. There 
are several ways to identify the expected benefits. For example, questionnaires, 
checklists, tick-lists, knowledge bases with expert judgments and opinions, case 
histories and examples, and Delphi. The identified benefits can be classified according 
to their recognizable degree or the nature of impacts on company’s performance. 
Detailed discussion on IT benefits categorization in the literature is in Chapter two of 
this thesis. 
 
According to the impacts of IT on a company’s performance, in this research IT 
benefits are classified into four groups: 1) improved internal process, such as new 
ways of management and improved productivity and quality; 2) improved company’s 
economic performance; 3) improved company’s market performance; and 4) improved 
innovative culture in the company. They are aligned with IT goals in a company. Each 
group of IT benefits is the result of the achievement of each IT goal.  
 
3.5.2 Measures selection 
Principles for measures selection 
In the Content of evaluation, proper measures must be chosen to cover wide spectrum 
of IT benefits. There are three principles that should be considered when choosing 
measures at the company level for IT benefits evaluation.  
 
(a) The measures chosen should be the key ones reflecting the important aspects of a 
construction company’s performance. They will help to raise the attention of senior 
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managers, since the managers tend to pay attention to those issues that have 
relationship with the company’s performance. Those key measures are in common 
use in a company and are regularly recorded as part of the firm’s performance 
indicators.  It is easy to perceive changes in them if there is any and, therefore, they 
can be easily tracked into the life cycle of IT, which can be fitted into the dynamic 
nature of IT benefits evaluation.  
 
(b) Measures must be selected on the basis of their ability to reflect the objectives of 
the stakeholders of the IT investment (Jurison, 1994). This is because people will 
only have interest in evaluating what they are most concerned with. When 
conducting an evaluation, in most cases, people will try to find out whether their 
objective has been achieved and deem it as a criterion to evaluate whether the 
investment is worthwhile.  
 
(c) The introduction of IT will have an impact on those measures chosen. The 
measures chosen should have the ability to reflect the changes that are likely to 
occur as a result of the introduction of IT.  If there are impacts of IT, they should 
be reflected by the changing value of these measures.   
 
Measures in the proposed evaluation framework 
If value is to be captured from IT at the company level, it must have a measurable 
impact on the company performance. At the company level, to measure IT benefits 
effectively, a wide spectrum of company performance measures should be adopted to 
cover both tangible and intangible benefits. Measures in Balanced Scorecard (BSC) are 
especially useful for this purpose.  
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As described in detail in Chapter Two, the Balances Scorecard is a performance 
management system developed by Kaplan and Norton (1992). It has been considered 
in IT evaluation in recent years as it includes measures that account for a wider range 
of effects such as improvements in internal process and customer relationships. 
 
Based on the concept of BSC, measures in the proposed framework fall into four 
categories: 1) financial measures (economic focus); 2) customer measures (market 
focus); 3) internal efficiency and effectiveness measures (process focus); and 4) 
innovative culture measures. Each category contains three to seven measures. Those 
four categories of measures follow the principles and criteria for measures selection 
discussed above. 
 
They are common measures for company performance evaluation, hence a company’s 
performance can best be reflected from various aspects. They are easy to understand 
and are in common use. All stakeholders are familiar with these measures and there are 
constant records of these measures. 
 
The four categories of measures align with the four kinds of IT goals for a company 
and therefore they can best reflect the stakeholders’ expectations on IT. They are 
derived to cover those four groups of IT benefits and have the ability to capture the 
changes that are likely to occur as a result of the introduction of IT.   
 
3.5.2.1 Financial measures  
Financial perspective focuses on the direct business contributions, usually in terms of 
money. Financial measures in the proposed framework are those that are commonly 
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used to reflect a construction company’s financial performance, such as value added, 
gross/net profit, construction turnover, growth in revenue, return on assets and return 
on investment. Those measures were chosen by BCA as construction company’s 
performance indicators. 
 
It should be noted that not all investments in IT would have financial benefits. Even 
for those investments that intend to improve company’s economic performance, the 
improvement is the long-term lagged effect of other performance improvement. 
Benefits in the financial field need time to be captured, sometimes even beyond the 
lifecycle of IT. 
 
3.5.2.2 Internal efficiency and effectiveness measures 
The internal process perspective focuses on the internal production operation 
measurement and improvement. Typical process measures include: reduced operation 
or coordination times and costs, increased productivity and improved quality. 
Measures in this category are derived from companies’ operational process and 
therefore their variation can reflect the impact of IT on the operational process. If IT 
helps the company know how to do things in the right way, efficiency could be 
improved. If IT helps the company to understand what the right thing to do is, 
effectiveness could be improved. Increased efficiency is usually quantified in terms of 
cost and/or time while improved effectiveness results in quality improvement.  
• Cost 
In the case of construction companies, saving cost, shortening time and improving, or 
at least maintaining, quality are important goals to pursue. Therefore cost benefits, 
duration benefits and quality benefits are the most common benefits that most IT-
investors go after. Usually time is money with regards to construction projects. Time 
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savings will ultimately transform to cost reductions. This is especially true given the 
high interest costs associated with financing a project or high premium calculated on 
daily basis during construction.  
• Quality 
Quality, as a measure of internal effectiveness in the proposed framework, has the dual 
dimensions of product quality and service quality. Yasamis et al. (2002) provided a set 
of comprehensive indicators of quality with detailed description for each indicator as 
shown in Table 3. 
Table 3 Indicators of quality 
Performance Basic functions of the facility meets the end-user’s 
need and intent 
Features Characteristics that supplement basic functions of the 
facility 
Aesthetics The level of satisfaction the end-user experiences with 
the facility’s looks and feel 
Reliability The level of confidence with which the end-user may 
use the facility, to the end of its design life, without 
failure 
Durability The amount of use end-user gets from the facility 
before replacement is preferred to continued repair 
Conformance The degree to which construction operations meet the 
design standards and specifications 
Serviceability Speed, courtesy, competence with which maintenance 
on the facility can be carried out 
Product 
dimensions 
Perceived quality The level of satisfaction the end-user experiences with 
the facility’s image and publicity 
Time The duration of the contract, including the wait for 
mobilization on site 
Timeliness Completion of the contract on the scheduled date 
Completeness The amount of items on the punch list upon 
completion of the project 
Courtesy The degree of respect and kindness of the site and 
office personnel 
Consistency The ability to repetitively provide the same level of 
service to all clients 
Accessibility and 
convenience 
The ease with which the contracting service is 
obtained 
Accuracy The ability to provide the right service the first time 
with minimum amount of rework 
Service 
dimensions 
Responsiveness The ability to react to the unexpected problems 
encountered during the contract 
Source: Author 
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It may be argued that quality is not an appropriate measure for IT benefits, since 
improved quality may not be directly related to the implementation of IT. Usually it 
comes from changed management or improved supervision. However, implementation 
of IT enables the senior managers to realize the need to make such a change or 
improvement, and provides a platform for these changes or improvements to take 
place. For example, quality benefits can be derived from the implementation of IT by 
not tolerating deviations from plans and project controls, thinking ahead in project 
plans and making provisions for deviations before they run into quality problems.  
 
• Productivity 
Productivity is an index of how successful an organization is in the use of its resources, 
which represents a measure of the efficiency with which physical inputs are converted 
into physical outputs (Dans, 2001). Brynjolfsson (1993) stated, “productivity is the 
fundamental economic measure of a technology’s contribution”. There is now general 
agreement about the existence of a positive relationship between IT investment and 
productivity (Lichtenberg, 1995; Brynjolfsson and Hitt, 1998; Dans, 2001), even 
though there exist concerns on productivity paradox. Productivity paradox is the 
perceived lack of increased output resulting from investments in IT (Sumit et al., 
2000).  
 
Recent research has shown that the productivity paradox may not be real or at least not 
permanent (Brynjolfsson and Hitt, 1998). There are many possible explanations for the 
productivity paradox. More recently, Thatcher and Oliver (2001) addressed this issue 
and proposed that IT productivity paradox is not so much a paradox, but instead a 
conscious decision by profit-maximizing firms to invest in technologies that may 
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improve profits but sometimes at the expense of productivity. Productivity can serve as 
an effective measure for IT benefits evaluation if it is the right thing that should be 
measured and if it is measured in the right way. 
 
3.5.2.3 Customer measures  
Customer measures in the proposed framework are used to measure the contribution of 
IT in improving a company’s market performance. Since a company as a whole serves 
as the evaluation object, the customer in the proposed framework refers to the 
recipients of products or services provided by the company. Five customer measures 
are included in the framework: market share, customer retention, customer acquisition, 
customer satisfaction and customer profitability.  
 
Customer satisfaction is the customer’s overall feeling of contentment with a customer 
interaction (Harris, 1996). It is a core measure for a company’s market performance, 
which is a more fundamental indicator of the firm’s past, current and future 
performance (Chang, 2000). Customer acquisition reflects a company’s ability to 
attract new customers while customer retention is the continuous attempt to satisfy and 
keep current customers actively involved in the company’s business. It is much more 
costly to attract new customers than to keep the ones that the company already has. 
The result of customer retention is that customers will be so satisfied by a company 
that they are not motivated to seek other opportunities (Harris, 1996).  
 
Implementation of IT with goals of customer orientation will improve customer 
satisfaction, customer retention or customer acquisition by providing products and 
services with better quality and reasonable cost, or by providing more accurate 
 58
information on market. Also relationship with customer can be improved by providing 
better service with the support of IT such as faster dealing with customer’s requirement 
and allowing them easier to access to information. Those improvements will ultimately 
result in an increase of a company’s market share or customer’s profitability. 
 
3.5.2.4 Innovative culture measures  
IT has provided an infrastructure for a company’s innovative culture. The innovation 
and learning perspective is focused on the company’s future ability to improve its 
performance. Innovation and learning measures are used to measure IT impact on a 
company’s preparation for future performance improvement, which reflect how the 
organization and its people grow and change to meet new challenges. They are drivers 
for achieving desired results under the other three categories of measures. 
 
A company’s future opportunities are determined by its preparation of its staff for the 
future and its future ability depends on the know-how of personnel, therefore 
employee-centered measures covering both users and IT staff are called for 
(Rosemann, 2001).  Key measures include employee capabilities, information system 
capabilities, employee motivation, employee empowerment and employee alignment.  
 
Employee capability refers to the strategic skill base to meet organizational objectives. 
Information system capabilities provide the necessary infrastructure to allow employee 
to see their personal linkages to organizational goals. Employee motivation refers to 
certain incentives to achieve employee’s better work performance. In an “empowered 
culture”, employees know the range of their power. They have been trained in the 
range of possible solutions to questions, and they know that their superiors are willing 
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to live with their decisions. Employee alignment refers to employees’ setting of their 
personal goals in support of organizational goals. 
 
The introduction of IT into a company may drive the employee to realize the necessity 
of improving their capabilities for future challenges. Also IT may provide a platform 
for better communication between managers and employee, thus making it easier for 
the employee to understand their roles in achieving company objectives. 
 
Appendix E presents summary tables for the Content. 
 
3.6 Conduct 
The Conduct in the proposed framework refers to the way in which evaluation is 
carried out (the techniques and methods used).  In the proposed framework, the 
Context, the Characteristic and the Content help to find out the “right things” to 
measure while the Conduct guides evaluator to perform the evaluation in the “right 
way”.  In the Conduct, the proposed evaluation process follows the fundamental 
rationality in the analytic hierarchy process (AHP). 
 
The AHP was developed and refined by Saaty (1977, 1980, 1986, 1994). It focuses on 
the goal of solving a problem by developing a complete structure of relations and 
influences of the problem. In this technique, a problem is decomposed into a hierarchy 
to include sub-problems that are easily comprehended and evaluated.  The overall 
solution for the problem is calculated by aggregation of solutions of all sub-problems. 
The underlying principle is based on making pair-wise comparisons between attributes 
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on a nine-point ratio scale.  The decision process involves the following steps (Saaty, 
1994): 
1) Structure a problem with a model that shows the problem’s key elements and 
their relationships 
2) Elicit judgments that reflect knowledge, feelings, or emotions. 
3) Represent those judgments with meaningful numbers 
4) Use these numbers to calculate the priorities of elements of the hierarchy 
5) Synthesize these results to determine an overall outcome 
6) Analyze sensitivity of changes in judgment. 
 
The AHP technique has its advantage of making use of a decision maker’s intuitive 
judgments, knowledge and experience. It is useful for a large number of attributes with 
outcomes measured on a subjective scale (Bard, 1992). The measurement scales can be 
used in areas that are too fuzzy, too unstructured, or too political for traditional 
techniques (Schoemaker and Waid, 1982). Therefore, the fundamental rationality in 
the AHP is adopted in the proposed IT benefits evaluation framework, such as 
decomposing the evaluation objective into a hierarchy of attributes, eliciting weights 
for these attributes, and aggregating scores in each level of the hierarchy into a final 
conclusion. 
 
However, the conduct process in the proposed framework does now follow APH 
techniques strictly due to the explosion in the number of pair-wise comparisons that 
are required by AHP.  For example, if a given layer of the hierarchy includes n 
elements, a total of 2)1( −nn  pair-wise comparisons is required. Many attributes are 
involved in the evaluation process and therefore, extensive pair-wise comparisons are 
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needed if using AHP technique.  Thus only the fundamental rationality of AHP is 
adopted and a detailed mathematical description of AHP is not included here.  
 
Based on the fundamental rationality of AHP, six steps to perform the IT benefits 
evaluation using the proposed framework are proposed as follows:  
Step 1: Determine weight for each IT goal and hence for each benefit measure;  
Step 2: Set specific expectation in terms of IT benefits score (ITBS) for each measure; 
Step 3: Calculate expected IT benefits in terms of ITBS and give an interpretation to 
the result; 
Step 4: Input perceived ITBS for each measure;  
Step 5: Calculate perceived IT benefits in terms of ITBS; and 
Step 6: Compare the perceived benefits with the expected benefits and draw a 
conclusion. 
 
The first three steps are enough for the pre-implementation evaluation, which help 
evaluators to set proper expectations about IT. Steps 4, 5 and 6 are used to capture the 
realized benefits after IT implementation. The final evaluation result needs to be 
compared with that from the first three steps to see whether the expectation has been 
met. 
 
Step defines the weight for each of the four IT goals and hence for each measure under 
each IT goal. Weights for measures are determined directly by IT goals and weights 
for IT goals are determined under the consideration of business strategies. Evaluators 
must come to a consensus on the company’s current business strategies. Referring to 
the relationship between each business strategy and IT goal, evaluators can determine a 
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where  
jβ : Weight for jth IT goal (j = 1, 2, 3, 4); and 
jN : Average importance score of the jth IT goal given by different evaluators, where 
1 represents “not important at all” and 5 represents “very important”. 
 
Only when each evaluator understands the current business strategy and the goals to be 
achieved with the implementation of IT, can he then perceive accurately the realized 
benefits.  
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where   
jkβ : Weight for the kth measure under the jth IT goal; 
kN : Average importance score of the kth measure under the jth IT goal, where 1 
represents “not important at all” and 5 represents “very important”; and 
m:  Number of measures under the jth IT goal. 
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Step 2 sets specific expectations about IT for a company in terms of IT Benefits Score 
(ITBS) for each measure. For most benefits that aim at enabling new ways of 
management, improving company’s market performance and improving the innovative 
culture in the company, it is hard or even impossible to attach them with monetary 
value. Their values highly depend on the subjective perception of the evaluators and 
therefore can only be measured in terms of ITBS. For benefits that have the nature of 
cost reduction, productivity improvement and economics performance improvement, 
they can be measured directly in terms of percentage of improvement. In order to unify 
measurement for different kinds of benefits, ITBS is adopted in the proposed 
framework as expected or perceived value of IT benefits. ITBS is from 1 to 5, where 1 
represents “no benefits at all” and 5 represents “great benefits”. ITBS for each measure 
is the average score from all evaluators. 
 
It is necessary for evaluators to pre-define relationships between objective benefits and 
ITBS. For example, if “cost reduction is up to 50%” is defined as a great benefit, an 
ITBS of 5 is given to represent the great benefit achieved when cost reduction is 50% 
or even more while an ITBS of 1 is given to represent the ‘nil’ benefit when there is no 
cost reduction. Using this method, each percentage of cost reduction can have a 
corresponding ITBS.  
 
Step 3 calculates expected IT benefits in terms of ITBS. 
Expected benefits score under each IT goal can be calculated by adding up products of 
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where 
jY0 : Expected ITBS under the jth IT goal; 


















2 : Matrix of expected ITBS for each measure under the jth IT goal; and 
m:   Number of measures under the jth IT goal. 
Total expected benefits score is the sum of weighted benefits score under each IT goal 
0440330220110 YYYYY ββββ +++=  , 
where  
Y0: Total expected ITBS; 
1β , 2β , 3β , 4β : Weight for the four IT goals, respectively; and 
01Y , , , : Expected ITBS under the four IT goals, respectively. 02Y 03Y 04Y
 
Step 4 inputs the realized IT benefits in terms of ITBS after the IT implementation, 
using the same pre-defined relationship between objective benefits and ITBS as shown 
in Step 2. The purpose of this step is to monitor IT implementation and its benefits 
realization.  
 
Step 5 calculates the realized IT benefits in terms of ITBS, using the same formula for 
calculation of expected IT benefits. The procedure is similar to that in Step 3, the only 
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difference is that Yi (i≠0) instead of Y0 is used to represent the realized benefits at 
time i.  
 
Step 6 compares the realized benefits in terms of ITBS with the expected benefits or 
compares the evaluation results in terms of ITBS at one time with another.  
A conclusion report is then produced interpretation of those evaluation results and 
explanation of differences from the comparison. Based on information in the 
Conclusion, proper actions may be taken to ensure or maximize the IT benefits and 
experiences could be passed the to next IT evaluations. 
The six steps are theoretical procedures that applies IT benefits evaluation using the 
proposed framework. The output of evaluation may contain two parts: benefits score 
under each IT goal and the total benefits score for the evaluated IT system. Evaluators 
can get information on the overall contributions of the evaluated object as well as its 
sub-contributions on improving each kind of company performance.                         
Although the output is always in terms of ITBS, the meaning of the score depends on the 
evaluation purpose. For example in the pre-implementation stage, evaluation purpose is 
to choose between alternative proposals and make a “Go” or “No Go” decision.  The 
output of evaluation is the expected benefits score for each proposal, according to 
which there will be a ranking of IT investment priorities or the prioritization of IT and 
non-IT investment.  
 
3.7 Conclusion  
The Conclusion in the proposed framework refers to the interpretation of the 
evaluation output. The output of evaluation using the proposed framework is a figure 
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(ITBS), which can only indicate what happened but cannot show why that happened or 
what should be done next. It is thus necessary to make a cause and effect analysis of 
the evaluation result and provide information to guide further actions.  
 
Interpretation of the evaluation output could help evaluators get a good understanding 
of the evaluation results and, most importantly, it provides necessary information to 
help managers explore measures to control benefits realization. It is quite possible that 
the evaluation results may be different with expectations. Evaluators should explore 
reasons that contribute to the variations and provide suggestions on future actions. For 
example, if the realized ITBS is lower than expected, the evaluator may interpret the 
difference as caused by a lack of understanding of the evaluated IT system, unskilled 
users, or an adverse attitude toward the adoption of the IT system. After identifying the 
factors that deterred the benefits derivation, suggestions should be included in the 
conclusion report, such as providing training and improving communication, and 
paying more attention to the feedback from the users. 
 
Usually interpretations of the evaluation output should consider both external 
environmental conditions (regulation, market trend and economy) and internal 
organizational conditions (culture, motivation level). Those conditions will have 
effects on the application of IT and hence the benefits derivation, but over which the 
organization may have little or no control. They are opportunities and threats for IT 
benefits realization that stem from the internal and external environment.  
 
Internal conditions may include changes in organizational culture and motivation level. 
For example, senior management involvement and an appropriate level of training on 
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the part of staff members who will use a newly installed software application are both 
beneficial contingencies that will have a positive influence on the appropriation of 
value from an IT investment. External conditions may include a competitor’s adoption 
of a similar technological innovation, pressure on the pricing of IT-based services, or 
the emergence of a new technology that may substitute for the current generation 
solution (Davern and Kauffman, 2000). 
 
On the one hand, to make the current performance comparable to future performance, 
it is necessary to track changing conditions closely in order to separate IT contributions 
from other influences. Remenyi (1995) pointed out that there are noises in the 
evaluation, which refer to the fact that the effect of IT may be masked by other events 
in the environment. For example the inventory level should risen or fallen due to the 
new system, but circumstances in the economy produce an effect that overwhelms the 
benefits of the system.  
 
On the other hand, managers must keep in mind that IT itself cannot generate benefits 
for a company. The benefits deriving process must be accompanied with appropriate 
organizational changes. The realized benefits are the results of many factors and the 
application of IT is the driver. For example, improved quality may come from 
improved control or supervision. However, if it is the application of IT that enables the 
senior manager to realize the need to make such improvement, or if it is the using of IT 
that provides a platform to make these changes possible, then it is reasonable to deem 
improved quality as one kind of IT benefits. So the key point here is not to separate the 
“net” IT contributions but to find out cause and effect relationship that can interpret the 
result.  
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 The Conclusion in the proposed framework is a systematic interpretation of evaluation 
output considering conditions arising during IT implementation. It provides an 
explanation of evaluation result and helps managers make decisions on future actions. 
The conclusion report should document the time and people that conduct the 
evaluation, as well as the barriers in the evaluation process. Also, it should include the 
experiences that can be learned from the evaluation process and what the attention 
should be paid to in the next evaluation. This is in order to transfer “lessons learned” 
from successful (or unsuccessful) implementations to future evaluations. 
 
Figure 5 shows the detailed structure of the proposed framework, in which the 
relationship between business strategy and IT goal needs to be explored. Also the 
proposed 20 measures need to be validated. The framework will be consolidated or 
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In order to identify useful information for complementing or refining the proposed IT 
benefits evaluation framework especially its structure and components, a survey of the 
local construction companies was conducted. This chapter first describes the data 
collection method, questionnaire design and sample selection, and then it presents 
findings from the survey. Finally conclusions are derived based on the analysis of the 
survey results. 
 
4.1 Data collection 
In the data collection, the following three main issues have been considered: 
• how to collect data; 
• what information is needed; and  
• how to choose the sample. 
 
4.1.1 Method for data collection 
Generally there are three kinds of data collection methods for non-experimental 
research: mail survey, telephone survey and personal interview. Each method has its 
advantages and limitations. Choosing the method depends on the research needs. 
 
Mail survey refers to mailing the questionnaire to predetermined respondents with a 
covering letter. This form of survey is necessary if there are many samples and if they 
are spread widely around the country or the world. It allows one to easily, at a 
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relatively low cost, obtain a large sample with wide location coverage. Furthermore, it 
allows respondents to complete the questionnaire at their own pace and also ensures 
that they are not influenced by the interviewer. Arguments against this method include 
the need for a very simple questionnaire, possible biased responses, and low response 
rate. Typical response rates for this type of survey range from 1% to 60%.  
 
Telephone survey is a low-cost form of personal interview that can be used to obtain 
information quickly. If the sample size is small, this will be a fairly practical way to 
collect data. It is a good compromise in that it combines personal contact with low cost 
and wide coverage. Of course, if the respondents are spread around the country or the 
world, telephone costs can be very substantial and, therefore, is a major consideration 
against this approach. Telephone interviews must be short. Typical response rates for 
this method range from 35% to 75%. 
 
Personal interview requires a face-to-face conversation between the interviewer and 
the respondent. In a long interview it is possible to probe complex issues that can be 
carried out in a relaxed atmosphere developed by the interviewer. This should ensure a 
good quality response. Arguments against this approach include the high amount of 
time and cost involved. There is also the possibility of interviewer bias, and the 
difficulty in targeting users. Typical response rates for this method are between 50% 
and 80%. 
 
This research is non-experimental, in which the researcher simply studies the naturally 
occurring relationship between two or more naturally occurring variables. A naturally 
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occurring variable is one that is not manipulated or controlled by the researcher; it is 
simply measured as it normally exists. 
 
In order to get the necessary information to explore the relationship between business 
strategy and IT goal, and to validate those evaluation measures, a large sample (more 
than 30) is needed and respondents are distributed across the whole country. Although 
the cost for telephone interview in Singapore is not high, mail survey was used as the 
data collection method in this research for the following reasons: 
• People can "look" at something printed, which makes them more comfortable 
about participating in the survey. Many people simply do not like answering 
questions on the phone because they are suspicious of what they may consider the 
hidden motives of unfamiliar callers.  
• Respondents can take their time to formulate their answers. They could fill out the 
questionnaire at their own convenience. Usually people may show outright refusal 
to cooperate by saying no and hanging up if they are disturbed by a sudden call. 
Interviewers can not expect a positive response if they ring at a wrong time. 
• There is less chance for misunderstandings in mail survey between interviewer and 
respondent than that in telephone survey, considering that the interviewer and 
respondent may not share the same mother tongue. Sometimes telephone 
discussion may lead to problems of mutual comprehension between those two 
parties, particularly when one is less fluent than the other in the language being 
used. 
 
Several measures were taken to ensure a reasonable high response rate, such as a 
concise questionnaire and an option for the respondents to receive report/findings of 
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the survey. Also, a pilot survey was conducted among research students in the 
Deptment of Building at NUS before distributing the formal questionnaire, so as to 
refine the questionnaire. Additionally the author called the sample companies before 
sending out the questionnaire and nearly 50 companies provide the exact names and 
addresses of the persons who are in charge of IT matters in their companies. Thereafter, 
the questionnaires were sent to the persons directly.  
 
In order to ensure the effectiveness of response, not all the returned questionnaire are 
included for analysis. Those returned questionnaire that were obviously not treated 
seriously are eliminated, such as those not completed, ticked at the place where there is 
actually no question but is intended for respondents’ opinions, or where one score is 
given for all questions. 
 
4.1.2 Questionnaire design  
A structured questionnaire survey was used to solicit information for refining and 
consolidating the proposed IT benefits evaluation framework. In addition to getting 
information on current IT benefits evaluation practice, there are two main purposes for 
the survey: to map out the relationships between business strategy and IT goal, and to 
validate those evaluation measures identified from literature review.  
 
The questionnaire contains 10 questions. According to the proposed framework, the 
following areas were investigated in the survey: IT benefits evaluation involvement, 
the alignment of IT goal with business strategy, IT functions, proper measures for IT 
benefits evaluation, and factors that may affect IT benefits derivation. Figure 6 shows 
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the questionnaire structure and the complete questionnaire used in this survey can be 
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4.1.3 Sample  
The questionnaire was sent by mail to a randomly selected statistical sample of 134 
construction companies across Singapore in late August 2002. Responses were 
collected from September to November 2002, and were kept confidential and used for 
statistical purposes only.  
 
The mailing list was assembled with registered category of A1, A2 and B1 contractors 
by the BCA. The reason for choosing those three categories is that large companies are 
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more likely to be exposed to IT issues and, therefore, the percentage of response will 
be higher.   
 
The sample was selected at random in order to ascertain reliability about the 
population. Participation to the survey was voluntary. Also there were voluntary part-
time M.Sc. students in the Department of Building who participated the survey. Those 
part-time students have both work experience in the local construction companies and 
the necessary knowledge to understand and respond to the survey. Therefore they have 
the insight to recognize any benefits that may result from the use of IT.  
 
4.2 Results and analysis 
The return rate for mail surveys in the construction industry is often around 10%. The 
findings presented here are based on an effective 24.6% return rate (33 out of 134). 
Data gathered from the survey was stored and analyzed using a statistical package 
named SPSS/PC. 
 
4.2.1 Current practice for IT benefits evaluation 
From the survey, information on current IT benefits evaluation practice in local 
construction companies was obtained, including evaluation involvement, IT functions, 
and conditions that affect IT benefits derivation. 
 
IT benefits evaluation involvement 
 
As summarized from literature review, there are six parties who may be involved in IT 
benefits evaluation at company level: IT manager, Internal audit, User department, 
Financial officers, Board/executive/business manager, and External partners.  
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Respondents were asked to choose the party in their company that would conduct IT 
benefits evaluation and the party that would be responsible for it. 
 
As shown in Figures 7 and 8, all parties listed have been indicated to be involved in IT 
benefits evaluation in local construction companies. The IT manager and 
board/executive/business manager both play an important role in conducting the 
evaluation and are responsible for the evaluation while external partners play a 
relatively minor role.  
 
With more than one party involved, evaluation will be performed from different 
perspectives and a consensus would have to be achieved on many issues, such as what 
is going to be measured and from which aspect. Therefore communication among all 





































Figure 8 IT benefits evaluation involvement (those responsible for the evaluation) 
 
IT functions 
From literature review and informal interviews with experts in local construction 
companies, an IT function list was obtained (refer to section 3.4.1). Respondents were 
asked to give their attitude toward the importance of each IT function for their 
companies. The rating scale for the response is from 1 to 5, where 1 represents “not 
important at all” and 5 represents “very important". In order to rank the importance of 
the five identified IT functions, the mean importance ratings for all the five IT 
functions were calculated. The mean importance rating technique is a useful tool in 
construction management research for analyzing structured questionnaire response 
data. Ling (1999) adopted this technique to obtain the rank of importance of 40 
attributes that may be relevant to consultant selection for DB projects. Kaming et al. 
(1996) employed mean importance rankings to investigate craftsmen’s perceptions of 
foremen on Indonesian construction site. Mean importance rating technique is very 
similar with the relative index (RI) methodology, which could be expressed as the 
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product of RI and N (N is the scale categories; for the five point Likert scale, N = 5). 
The relative index (RI) ranking technique has witnessed extensive use in construction 
management research (Zakeri, et al., 1997; Holt, et al., 1994; Shash, 1993). It is 
frequently employed as a methodology for measuring attitude, in particular, with 
respect to variables impacting upon construction management issues (Holt, 1997).  
Using hypothetical data, Holt (1997) compared the relative index (RI) ranking 
methodology with commensurate observations on “mean response” and concluded that 
when analyzing Likert scale data to achieve ordinal sorting of the variables measured, 
mean response will produce the same results as RI. For simplicity reasons, mean 
importance rating technique was adopted to analyze the data. The formula for 







++++=   ,         
where: 
h is the factor reference, 
ah is the mean importance rating of the factor h, and 
n1, n2, n3, n4, and n5 are the number of respondents who indicated on the five-point 
Likert scale, the level of importance as 1, 2, 3, 4, and 5 respectively for the factor h. 
Table 4 shows the results of mean importance ratings for IT functions.  
Table 4: IT function ranked by mean importance ratings 
t value IT function Mean importance rating Rank 
test value = 3 
Administration 4.00 2 6.633 
Accounting programs 3.82 3 5.555 
Project management 4.12 1 6.294 
Production function 3.73 4 3.909 
Sales, marketing and customer support 3.61 5 3.288 
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 The result shows that the mean for each IT function is expected to be above 3 since the 
t value for each IT function is greater than t (32, 0.05)=1.6955 (refer to section 4.2.3 for 
detailed description of one sample t-test). By definition given in the rating scale, 4 and 
5 represent “important” and “very important”, respectively. Therefore the survey result 
indicates that currently all the five kinds of IT functions are deemed as important in 
local construction companies. Ranked in order of their importance, IT functions are for 
Project management, Accounting programs, Administration, Production function and 
Sales, marketing and customer support. On the one hand, companies focus IT function 
more on supporting the internal process of a company (Project management, 
Administration, Accounting programs, and Production function). On the other hand, 
they also perceive the importance of IT function in improving a company’s external 
marketing performance (Sales, marketing and customer support). 
 
Factors that affect IT benefits derivation 
Five kinds of factors that will impact IT benefits derivation were obtained from 
literature review. They are regulations change, competitor’s adoption of a similar 
technological innovation, pricing of IT-based services change, emergence of a new 
technology and technology standards change. Those factors may have serious impacts 
on evaluation results. Therefore it is necessary to consider them when making a 
conclusion for an evaluation. Table 5 shows the calculation results of mean importance 





Table 5: Factors that affect IT benefits derivation 
(ranked by mean importance ratings) 
t value Factor Mean importance 
rating 
Rank 
test value = 3 
Regulations change 3.81 2 4.762 
Competitor’s adoption of a similar 
technological innovation 
3.41 5 3.040 
Pricing of IT-based services change 3.56 4 4.756 
Emergence of a new technology 3.88 1 6.241 
Technology standards change 3.81 2 6.635 
 
All the five factors are deemed as important since their t values are greater than t (32, 
0.05)=1.6955. Emergence of a new technology ranks as the most important factor that 
affects IT benefits derivation. This can be explained by the fast development of IT 
when compared to the long time needed for the benefits derivation. It takes time for a 
company to accept and adapt to a new technology and it may take an even longer time 
to obtain benefits from IT. When a new kind of IT that seems to be a better choice than 
the current one emerges, disadvantages of the current one may become more obvious 
to the company. Also it is quite possible for the company to suspend the resources to 
support the implementation of the current IT since they think it is not worthwhile. All 
these will affect the perceived and realized benefits that can be derived from the 
current IT.  
 
4.2.2 Relationship between IT goals and business strategies 
One of the main purposes of the survey is to find out the relationship between business 
strategy and IT goal. That is, it aims at finding out certain coefficients, which can 
reflect whether there is a significant correlation between a certain IT goal and a certain 
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business strategy. Findings of this correlation can then be used to define weights for 
different IT goals under a given business strategy.  
 
Seven kinds of business strategies and four kinds of IT goals for a company were 
derived from literature review. Respondents were asked to assess the importance on a 
Likert scale from 1 to 5 for each business strategy, where 1 represents “not important 
at all” and 5 represents “very important”. The same scale is used to assess the 
importance of the four kinds of IT goals.  
 
Rank of importance  
Tables 6 and 7 present the rank of importance and one sample t-test for business 
strategies and IT goals, respectively. 
Table 6: Business strategy ranked by mean importance ratings 
t value Business strategy Mean importance 
rating 
Rank 
test value = 3 
Gain low cost leadership 3.67 2 4.304 
Product differentiation 3.27 5 1.789 
Human resource differentiation. 3.06 7 0.466 
Technology leadership 3.55 4 4.157 
Segmentation and product breadth 3.18 6 0.973 
Market share orientation, 3.64 3 3.677 
Improve strategy links with customers to 
gain customer satisfaction 






Table 7: IT goal ranked by mean importance ratings 
t value IT goal Mean importance 
rating 
Rank 
test value = 3 
Enable new ways of management and 
improving productivity and quality 
4.33 1 8.970 
Improve company’s economic performance 3.82 4 4.500 
Improve company’s market performance 4.03 2 6.700 
Improve the innovative culture in the company  3.94 3 6.526 
 
The t-test for business strategies shows that “human resource differentiation” and 
“segmentation and product breadth” are not deemed as important since their t value is 
lower than t (32, 0.05)=1.6955. All the other strategies are expected to be important. 
Ranked in order of importance, business strategies for construction companies are: 1) 
improve strategy links with customers to gain customer satisfaction; 2) gain low cost 
leadership; 3) market share orientation; 4) technology leadership; and 5) product 
differentiation. There is an indication that construction companies have begun to focus 
their business strategy on customer and market.  
 
The ranked-in-order IT goals are: 1) enable new ways of management and improving 
productivity and quality; 2) improve company’s market performance; 3) improve the 
innovative culture in the company; and 4) improve company’s economic performance.  
“Improve the internal process” is deemed as the most important goal of IT. This result 
is just in accord with the survey result of current IT functions in local construction 




Pair-wise correlation analysis 
There are seven independent variables (seven kinds of business strategy) and four 
dependent variables (four kinds of IT goals). Data collected in this survey are on an 
ordinal level of measurement. The correct statistic is the Spearman rank-order 
correlation coefficient. Spearman correlation is suitable when both variables are 
assessed on an ordinal level of measurement. It is a distribution-free test that makes no 
assumption concerning the shape of the distribution from which the sample data were 
drawn. In Table 8, IT goals are correlated with the business strategies to investigate the 
possible presence and nature of pair-wise relationships among them. 
Table 8: Correlations matrix of business strategies and IT goals 
.493** .384* .518** .233
.004 .027 .002 .192
33 33 33 33
.126 .272 .383* .342
.485 .126 .028 .052
33 33 33 33
.016 .136 .136 .084
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33 33 33 33
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33 33 33 33
.022 .042 .188 -.217
.901 .818 .296 .225
33 33 33 33
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33 33 33 33
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Correlation is significant at the .01 level (2-tailed).**. 
Correlation is significant at the .05 level (2-tailed).*.  
 84
 
From Table 8, correlations between each business strategy and each IT goal are 
summarized as follows: 
• Strategy one (Gain low cost leadership) has significant relationships with IT goal 
one (Enable new ways of management and improve productivity and quality) and 
goal three (Improve company’s market performance); 
• Strategy two (Product differentiation) only has a significant relationship with IT 
goal three (Improve company’s market performance); 
• Strategy three (Human resource differentiation) and five (Segmentation and 
product breadth) are not significantly related to any IT goal and therefore are not 
indicated to be useful for investigating possible weights for IT goals.   
• Strategy four (Technology leadership) has significant relationship with IT goal one 
(Enable new ways of management and improve productivity and quality) and goal 
four (Improve the innovative culture in the company); 
• Strategy six (Market share orientation) has significant relationships with IT goal 
one (Enable new ways of management and improve productivity and quality) and 
three (Improve company’s market performance); and 
• Strategy seven (Improve strategy links with customers to gain customer 
satisfaction) has significant relationships with IT goal one (Enable new ways of 
management and improve productivity and quality), two (Improve company’s 
economic performance) and three (Improve company’s market performance). 
 
Within the full data set, all independent variables, except “Human resource 
differentiation” and “Segmentation and product breadth”, display a significant positive 
correlation with one or more IT goals. There may be two interpretations for this:  
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(a) For construction companies, these two strategies are not deemed as important as 
others (see the mean of their importance in Table 6); and 
(b) Currently in construction companies there may not be such an IT system that is 
mainly used to support these two strategies. 
 
Table 9 summarizes the business strategies and their correlated IT goals. 
Table 9: Business strategies and correlated IT goals 
Business Strategy Correlated IT Goal 
Gain low cost leadership • Enable new ways of management and improve 
productivity and quality 
• Improve company’s market performance 
Product differentiation • Improve company’s market performance 
Technology leadership • Enable new ways of management and improve 
productivity and quality 
• Improve the innovative culture in the company 
Market share orientation • Enable new ways of management and improve 
productivity and quality 
• Improve company’s market performance 
Improve strategy links with 
customers to gain customer 
satisfaction 
• Enable new ways of management and improve 
productivity and quality 
• Improve company’s economic performance 
• Improve company’s market performance 
(Source: Author) 
The observed correlations are industry specific, which reflect the local construction 
companies’ characteristics of the strategy-IT relationship. 
 
4.2.3 Consolidate IT benefits evaluation measures  
Another main purpose of the survey is to validate those IT benefits evaluation 
measures that were derived from literature review and informal interview with experts 
from the local construction companies. Those 20 measures are all company 
performance measures reflecting changes in company performance due to the 
introduction of IT. In the following they will be given statistical tests of the mean to 
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check whether they are suitable to be included in the framework as measures for IT 
benefits evaluation. 
 
Respondents were asked for their attitudes toward the degree of impact of IT on each 
measure, using the five-point Likert scale (1 to 5), where 1 represents “no impact at 
all” and 5 represents “significant impact”. Only those measures that are perceivably 
impacted by the introduction of IT are included in the framework.  
 
Statistical tests of the mean were carried out to check whether those measures are 
considered to be perceivably impacted by IT. For each measure, the null hypothesis is 
that the measure is not perceivably impacted (H0: 0µµ ≤ ) and the alternative 
hypothesis is that the measure is perceivably impacted (H1: 0µµ > ). Here µ  is the 
population mean and 0µ  is fixed at 3 because in this study, by definition given in the 
rating scale, ratings above 3 (i.e. 4 and 5) represented ‘high impact’ and ‘significant 
impact’. 
 






0µ  t (n-1, α ) , 
where 
t (n-1) is random variable following a student’s t-distribution with n-1 degrees of 
freedom and in this study t (32, 0.05) = 1.6955; 
X  is the sample mean; 
xS  is the sample standard deviation; and  
n  is the sample size, which is 33. 
 87
Table 10 shows the survey results. 
Table 10:  t-test for the means of evaluation measures 
Test value = 3 
IT benefits measures 
N Mean Standard Deviation t 
Cost 33 3.818 0.683 6.886 






Product quality and service 
quality 33 3.970 0.810 6.881 
Value added 33 4.000 0.661 8.685 
Gross profit 33 3.727 0.761 5.488 
Net profit 33 3.576 0.792 4.177 
Construction turnover 33 3.364 0.859 2.431 
Growth in revenue 33 3.515 1.004 2.948 





Return on investment 33 3.424 0.867 2.811 
Market share 33 3.818 0.808 5.815 
Customer retention 33 3.848 0.755 6.456 
Customer acquisition 33 3.727 0.719 5.810 




Customer profitability 33 3.667 0.816 4.690 
Employee capabilities 33 4.061 0.659 9.251 
Information systems capabilities 33 4.152 0.566 11.692 
Employee motivation 33 3.848 0.619 7.880 




Employee alignment 33 3.727 0.674 6.197 
 
Table 10 indicates that all measures are deemed to be perceivably impacted by IT and 
therefore it is reasonable to include them in IT benefits evaluation in the proposed 
framework.  
 
4.3 Conclusions drawn from survey results 
This survey has provided the information on current IT benefits evaluation practice in 
construction companies in Singapore as well as validated the identified measures for 
IT benefits evaluation. Most importantly, it explored the relationship between IT goal 
and business strategy. 
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Current IT benefits evaluation practice 
The IT manager and board/executive/business manager are the most important 
participants in both conducting and managing the evaluation. Usually, the IT manager 
is more concerned about IT system itself, such as IT goals and IT functions; while the 
board/executive/business manager focuses more on the development direction of the 
company, as well as business strategy. Good communication between these two parties 
is needed to ensure a good alignment of IT goals and business strategy. 
 
The construction industry has its unique characteristics in that its production process is 
not consistent or centralized, which makes IT implementation for production function 
relatively limited and it cannot be as widely as is in other industries such as 
manufacturing. The most widely use of IT in construction industry is for internal 
process support. Sales marketing and customer support are also IT functions that 
contractors have began to realize their importance.  
 
Factors that may have impacts on IT benefits derivation have been identified. Instead 
of rushing to a conclusion based on the evaluation result, evaluators should interpret 
the result under the consideration of those factors. 
 
The relationship between IT goals and business strategies 
The correlation between each business strategy and each IT goal provides information 
on specific strategy-IT relationship. IT investment in itself does not ensure 
organizational success, but rather it requires an appropriate business strategy to guide it 
(Mahmood and Mann, 1993). Previous studies have commented on the alignment of IT 
with business strategy, but none, to the author’s knowledge, has focused on specific 
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correlations between them. The survey results in this research can help to orient IT 
benefits evaluation under certain business strategies. For example, if a company’s 
current business strategy is to gain technology leadership, the survey results suggest 
that IT goals should be focused more on improving internal process and the innovative 
culture in the company.  
 
Measures for IT benefits evaluation 
The survey has identified company level performance measures that are potentially 
affected by IT. Those measures have been validated as the t-test of the means showed 
that all the 20 measures are deemed as perceivably impacted by IT.  
 
It is therefore concluded that those measures could be used to assess the overall 
potential impact of IT on an entire organization, including impacts on a company’s 
internal efficiency and effectiveness, economic performance, market performance and 
future oriented innovation attainments.  
 
4.4 Analysis of the consolidated and refined framework 
According to the survey results, the overall structure of the proposed framework needs 
no change. Only the business strategy in the Context is refined from seven dimensions 
to five (drop of the strategy of “human resource differentiation” and “segmentation and 
product breadth” for their low importance and none significant correlation with any IT 
goal). All the other elements in the framework are validated. 
 
The consolidated and refined framework will be analyzed from its five features: 1) 
objects of the framework; 2) evaluation criteria of the framework; 3) support of the 
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decision-making process; 4) dynamic application; and 5) integration of benefits 
evaluation and benefits management.  
 
Objects of the framework 
The objects of the framework define the extent the framework limits its application to 
certain IT investment environment. There are two sub-characteristics assisting the 
analysis of this feature in detail: breadth of the framework and type of application area. 
The breadth of the framework defines its application level and domain. The proposed 
framework is designed to explore the potential benefits of IT in the business domain 
rather than technical or social domain at the company level, applicable for pre-
investment appraisal, regular reviews after implementation and post implementation 
evaluation.  
 
The framework is designed specifically for measuring IT benefits in construction 
companies. Characteristics of the local construction industry and current IT application 
and evaluation practice are taken into account when forming the framework. Each 
element in the framework is initially derived from literature review and further 
validated by the survey and interviews in the local construction companies. Users that 
are familiar with components of the framework and evaluation can proceed smoothly 
with less misunderstanding. 
 
Evaluation criteria of the framework 
The evaluation criteria are the aspects that are addressed in the decision whether to go 
ahead with the proposed investment or to set priorities among competing projects 
(Berghout, 2001). The proposed framework contains wide spectrum of measures that 
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cover all tangible and intangible IT benefits comprehensively from different 
perspectives, such as financial impacts, product and service quality impacts and 
customer relationship impacts. Measures in those four fields of company performance 
are derived from literature review and validated by the survey. The evaluation 
framework may help in cases where financial justification is hard to make, but other 
non-financial or intangible benefits suggest that the investment overall would be 
beneficial to the organization. 
 
Support of the decision-making process 
Support of the decision-making process refers to the extent to which the framework 
indicates or prescribes how it should be used in evaluation practice. The proposed 
evaluation framework covers the issue of persons to be involved in the evaluation, data 
collection on the right level of detail and evaluation results. It takes into account 
different perspectives of various stakeholders involved and gets the consensus 
conclusion of the evaluation results. Implementing the proposed procedures under the 
framework can improve communication and understanding of the evaluated IT system. 
Evaluators can explain the evaluation results with correct understandings and indicate 
further actions needed. The framework can be deemed as a guideline for a construction 
company to conduct IT benefits evaluation. 
 
Dynamic application of the framework 
IT benefits evaluation should be a regularly scheduled activity. The proposed 
framework is designed as a useful tool for dynamic evaluation during the lifecycle of 
IT, i.e. the framework could be easily repeated at various stages of the lifecycle of IT, 
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initially to identify and assess potential benefits, and later to check whether those 
benefits are delivering as expected.  
 
The lifecycle of IT includes its beginning, development and ending activities. In this 
research, the IT lifecycle is divided into three stages: pre-implementation, 
implementation and post-implementation. There is no rigid borderline between each 
stage. IT transits smoothly from one stage to another. In different stages, evaluation 
interest, purpose and focus may change. Evaluation output varies from expected 
benefits score to realized benefits score. Although the output of the framework is 
always benefits score, the meaning and interpretation of the score depend on 
evaluation purpose. Table 11 summarizes the dynamic nature of IT benefits evaluation 
in the lifecycle of IT. 
 
In the pre-implementation stage, the main activity is planning, which is to identify and 
justify IT investment. Evaluation is carried out on the basis of user or manager’s 
requirements and expectations. In this stage, managers need to know whether they 
should invest in IT project or which IT project he should choose. The evaluation 
purpose therefore is to help him make the right decision. The evaluation result is a 
ranking of IT project priorities or the prioritization of IT and non-IT projects.  
Evaluation in this stage focuses on the alignment of IT with business strategy and 






 Table 11: Dynamic nature of IT benefits evaluation in the lifecycle of IT 
Stage Pre-implementation Implementation Post-implementation 
Evaluation 
purpose 
• Identify and justify IT 
projects 
• Choosing between 
alternative 
proposals/systems 
• Making a “Go” or “no 
Go” decision 
• Regular reviews to 
monitor the progress of 
a system  
• Conclude whether the 
original goals has 






• A ranking of IT 
project priorities or 
the prioritization of 
IT and non-IT 
project 
• Realized or perceived 
benefits during the 
implementation of IT 
• Realized or perceived 
benefits after 
implementation 
Actions  • Identify and justify IT 
project or make a 
“Go” or “no Go” 
decision  
• Make corresponding 
organizational changes 
to maximize the 
realization of IT 
benefits 
• Combined with the 
technical evaluation 
outcome and decide 
whether to maintain, 
enhance, replace or 
outsource IT system 
• Consider potential 
investment on the 
information of the 
current IT system 
(Source: Author) 
In the implementation stage, operation is the main activity. Managerial and operational 
personnel such as senior managers, business operation managers and end users will 
pay more attention to IT benefits evaluation at this stage. The evaluation purpose is to 
monitor the progress of a system and, therefore, help managers know what benefits are 
realized and how the IT project is going on. 
 
In the post implementation stage, main activities include current IT system 
abandonment and new investment opportunities identification. Senior managers and IT 
project managers pay more attention to the evaluation in this stage. The evaluation 
purpose is to get a conclusion of whether the original goals have been achieved and 
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whether the investment is worthwhile. More importantly, the evaluation results will be 
used as information for the next potential investment.  
 
Integration of benefits evaluation and benefits management 
The proposed framework is an integration of benefits evaluation and benefits 
management of IT. The ultimate goal of evaluation is to ensure that there is no 
departure from the original expected goals by reviewing IT implementation process 
and taking actions accordingly. Performing an evaluation with the proposed framework 
provides a driving force for the successful implementation of IT strategy and hence 




Chapter Five: Computerized Implementation of the Proposed 
Framework 
 
This chapter presents a computerized implementation system (IT Benefits Evaluation 
System – ITBES) based on the proposed IT benefits evaluation framework on a 
personal computer platform.  The system is validated with a case study on a local 
construction company.  
 
5.1 IT benefits evaluation system 
In this section, an IT Benefits Evaluation System is developed as the computerized 
implementation of the proposed framework, which helps to make the evaluation easy 
to understand, time saving to conduct, and convenient to keep records. The 
development background and environment are introduced, followed by the 
presentation of the structure of the IT Benefits Evaluation System. 
 
5.1.1 Background 
The proposed framework presented in Chapter Three aims to help evaluators to 
measure IT benefits for their company. In order to save time on evaluation and 
minimize the error in benefits score derivation, an effective tool needs to be developed 
to aid the evaluation process. An IT Benefits Evaluation System was therefore 
developed for such a purpose, which is a computerized implementation of the proposed 




5.1.2 Development Environment 
Visual Basic (VB) is adopted for the programming of the IT Benefits Evaluation 
System. Visual Basic is the latest generation of BASIC, and is designed to make user-
friendly programs easier to develop (Schneider, 2000). This feature is especially 
suitable for the programming of the proposed evaluation system. The graphic interface 
developed in VB provides a vivid medium between the user and the system. Users 
from construction companies need not to be an expert in Microsoft Windows.  They 
can use the system easily as long as they have a basic knowledge of computers.  
 
 
5.1.3 Structure of the IT Benefits Evaluation System 
Figure 9 shows the structure of the IT Benefits Evaluation System developed. Using 
the evaluation system, there are two stages in performing an evaluation: 1) define 
weight for measures; and 2) input specific IT benefits score. In order to define the 
weight for the evaluation measures, evaluators will be asked to input an importance 
score for each business strategy, each IT goal and each evaluation measure, 
respectively. Their input will be recorded in the database. Using the average of their 
input, the evaluation system calculates and displays weight for each business strategy, 
each IT goal and each evaluation measure. In the second stage, evaluators will be 
asked to give a benefits score to each weighted measure. When they finished input, the 
evaluation result will be displayed. Detailed evaluation procedure and operation with 
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Figure 9 Structure of the IT benefits evaluation system 
(Source: Author) 
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5.2 Case study 
IT benefits evaluation should be integrated into the lifecycle of IT. The evaluation 
system can be used for pre-investment appraisal, regular reviews after implementation 
and post-implementation evaluation. Evaluation at pre-investment stage focuses on 
“identify” and evaluations at stages after IT implementation focus on “compare”. 
Evaluators firstly identify the expectation of IT benefits and then compare the reality 
with the expectation to find out whether their goals have been achieved.  
 
There may be a long time before evaluators can perceive any changes in the 
company’s performance. Due to time and cost constraints, this case study cannot track 
the whole lifecycle of IT. Therefore, only an evaluation at the pre-investment stage is 
performed to validate the operability of the developed evaluation system based on the 
proposed framework. 
 
5.2.1 Background Information  
Mr Yu Tao, a project manager of China Construction (South Pacific) Development Co. 
Pte. Ltd., has a M.Sc. degree in Building from NUS. He has six years of work 
experience in the local construction companies and applies IT in his daily work by 
using an estimating, scheduling and planning system. Recently, ICFOX, a local IT 
service provider in construction, asked for his intentions on IT investment. He 
proposed to his company an investment on intranet that could help managers edit and 
distribute information directly from their computers. They were tired of numerous 
paperwork and time lags between the sending and receiving of information. With the 
introduction of intranet, the employee can be notified of his managers’ requirements in 
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time and they would give their feedback in time too. Also such an investment is 
expected to improve the company’s image and therefore improve the relationship with 
the company’s existing and potential customers. 
 
The proposed investment is used as the background of the case study. In addition to Mr. 
Yu, another two people, Mr. Weng Xin Yuan and Mr. Zhu Jian Chao, also from the 
same company participated in the case study. Mr. Weng is a safety supervisor with 
several years of work experience. He has some experience with IT in doing electronic 
procurement. Mr. Zhu, previously a designer, is now a construction engineer. He has 
15 years of work experience with limited IT experience. He uses the computer simply 
to do documentation and uses the Internet to send and receive email. For this case 
study, they were asked to use the evaluation system to measure the benefits of the 
proposed IT investment to their company. 
 
5.2.2 Data Input 
The evaluation system records input from each evaluator in its database. Calculation is 
a background process based on the input. Evaluation results will be displayed in the 
foreground. 
 
Evaluation involvement (Context)  
There are six parties listed (Figure 5-1). Each evaluator must choose his role in the 
evaluation before he can continue. Only the person in charge of the evaluation can 
perform the system management, including viewing the evaluation results and resetting. 
Other evaluators can view the evaluation results only after they finish their input. 
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 Figure 5-1 
 
Business strategy (Context)  
Stage One of the evaluation is to define weights for the evaluation measures (Figure 5-
2). As weights for the measures are determined by weights of the IT goals and, in turn, 
weights of the IT goals are affected by the business strategy. Hence, the importance of 
business strategies must be evaluated first. Evaluators are required to evaluate the 
importance of the listed business strategies for their company using a five-point Likert 
scale, where 1 represents “not important at all” and 5 represents “very important” 
(Figure 5-3). 
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IT goal (Characteristic) 
After scoring the importance of business strategy, evaluators are required to define 
weights for the IT goals with the consideration of business strategy, still using a five-
point Likert scale (Figure 5-4). By clicking on the button “align IT goal with business 
strategy”, the evaluators can get information on the relationships between the IT goal 
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 Measures of IT benefits (Content) 
Under each IT goal, there are four to seven measures. Evaluators are asked to give the 





After defining the weight for each measure, the evaluators will have finished the first 
stage. They can then choose to view the results or to reset their inputs (Figure 5-7). 
The results show weights for business strategies, weights for IT goals and weights for 
evaluation measures, which reflect the evaluation focus (Figure 5-8). If the evaluators 
choose to reset, they will be directed to the beginning of Stage One to define the 











In this case, improving strategic links with customers is deemed as the most important 
business strategy for their company, followed by gaining low cost leadership and 
technology leadership. The idea of making the proposed IT investment is appropriate 
under such an environment.  Accordingly, the evaluators mainly focus on the IT goal 
of improving the company’s internal process and improving the company’s market 
performance. 
 
IT benefits score (Content) 
The second stage is to input IT benefits score for each measure (Figure 5-9). 
Evaluators are asked to indicate their perceived benefits in terms of a five-point scale 
IT Benefits Score (ITBS), where “1” represents “negative benefits” and “5” represents 
“great benefits” (Figure 5-10). Before conducting the evaluation, the evaluators should 










When the evaluators finish entering the benefits score, they can choose to view the 
evaluation result or reset their input (Figure 5-11). The evaluation result (Figure 5-12) 
shows the records of the input benefits score under each measure from each evaluator. 
Also, it presents the calculated benefits score for each IT goal and the total benefits 










Interpretation of evaluation result (Conclusion) 
The Conclusion is not included in the IT benefits evaluation system because it is a 
report that does not have a general format. The Conclusion is an absolutely necessary 
part of the evaluation as it provides an interpretation of the evaluation result. In this 
case, the benefits scores for the four IT goals are all above 3, which means that the 
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evaluators expect the proposed investment to result in more than “little benefits” in all 
the four company performance fields (by definition 3 represents “little benefits”; 4 
represents “moderate benefits” and 5 represents “great benefits”). The evaluators 
expect that the proposed investment will result in the most benefits in “Enabling new 
ways of management and improving productivity and quality” (4.515), followed by 
“Improving company's market performance” (4.287) and “Improving the innovative 
culture in the company” (3.830). However, it will result in fewer benefits in 
“Improving company's economic performance” (3.635). The total benefits score is 
above 4, which means the proposed investment is deemed as worthwhile at this stage. 
 
If currently there are more than one proposal for the IT investment, evaluators may 
perform the evaluation for each. Each alternative will be attached be an expected 
benefits score, based on which the evaluator can then get the prioritization of all 
alternatives. At the implementation stage, the evaluators can track the implementation 
process and conduct the evaluation regularly. The evaluation results will then be 
compared with expectations. 
 
5.2.3 User Assessment 
Advantage of the evaluation system  
All three users deemed the framework as a useful tool for measuring IT benefits. They 
agree that identifying elements in the Context, the Characteristic and the Content is an 
effective way to capture IT benefits at the company level, especially for intangible 
ones. The alignment of IT goal with business strategy draws their attention to the right 
thing that should be measured. 
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They were satisfied to see that the evaluation result reflects their potential expectations 
of IT. The initial investment purpose is to improve their internal process performance 
and the evaluation results show that most of the benefits will be captured in this field. 
The evaluation result, if by using the traditional financial method, may suggest that the 
investment is not worthwhile, since evaluators do not expect much financial impact of 
IT in this case. The investment opportunity may not be justified because the traditional 
financial evaluation method ignores other significant intangible positive impacts such 
as improving internal process and market performance. 
 
All three users felt that it is easy to conduct the evaluation by using the evaluation 
system. Both Mr. Yu and Mr. Zhu thought the main advantage of the evaluation 
system is that it broadens the perspectives of investors or evaluators on those aspects 
from which IT benefits could be measured. Previously, whenever they applied IT, they 
could only pay attention to the impact of IT on their daily job and they had not realized 
how IT could affect the whole company’s performance. And, even if they had known 
that there would definitely be such effects, they would not know where they could 
capture them.  
 
Mr. Yu said actually he knew that IT may bring out significant intangible benefits, but 
prior to the case study, he did not know how to detail those kinds of benefits and 
therefore could not get a clear and comprehensive expectation on IT. This evaluation 
system had given him a better understanding on the intangible benefits of IT.  
 
In addition to the main advantage, Mr. Weng deemed the evaluation system as a good 
tool for improving understanding and communication between manager and employee. 
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By using the evaluation system, all parties involved would have the opportunity to 
know each other’s focus and expectations. Therefore it will help the individual’s 
expectation align with the organization’s focus. 
 
Concerns on using the evaluation system 
In the case study, users also brought forward some concerns on using the evaluation 
system. Mr. Weng thought that the evaluation system might not be practical for those 
users that do not have much professional knowledge on the company’s performance 
indicators. Users must understand all the measures well before they can conduct the 
evaluation. Furthermore, even if evaluators do understand those measures, their level 
of comprehension may vary.  
 
In order to get a clear understanding of those evaluation measures and achieve a 
consensus on their meaning, training on the company performance evaluation is 
necessary. Additionally, effective communication between evaluators from higher 
management level and those from lower operational level is important. 
 
Mr. Zhu brought forward concerns regarding the measurement scale when using the 
system. He said that evaluators may have much difference in their feelings of “little”, 
“moderate” and “great” benefits. Mr. Weng and Mr. Zhu’s concerns are all related to 
the subjectivity of the evaluation system.  
 
Using the average input for calculation is one effort to reduce the subjectivity. Another 
key to reducing the subjectivity is to define the relationship between objective benefits 
and subjective benefits score. At least for those tangible benefits such as cost saving or 
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productivity improvement, there is a common base for each measurement scale. The 
evaluation system therefore needs financial data to support.  
 
However, in this case, evaluators skipped the step of defining relationships between 
objective benefits and subjective benefits score due to the lack of data. The proposed 
investment is only a rough idea and it has not been put into detailed feasibility study 
yet. Therefore sufficient financial data is not available at this stage, resulting in 
inaccuracy in the assessment of the impacts on the company’s economic performance 
indicators. In fact, many companies are unwilling to release the sensitive information 
on their companies’ economic performances. Even if the financial data are available, it 
may take quite a long time to observe visible changes in those economic performance 
indicators in the IT benefits evaluation. Due to time and cost limits, in the case study, 
no financial data serves as the input in the evaluation system. Evaluators only input 
their estimations in terms of ITBS. After all the case study aims at validating the 
operability of the system, in which the process is more important than the result. Of 
course it would be better if the financial data is available, such as the reduced cost and 
improved productivity. Evaluators should define relationships between those data and 
ITBS before they perform the evaluation, following the proposed approach in the 
Conduct (step two).  
 
5.2.4 Conclusion 
In Chapter Three the author presented a framework for IT benefits evaluation, which is 
designed as a tool for dynamic evaluation during the lifecycle of IT, initially to identify 
expectations, and later to check at regular intervals whether those benefits were 
delivered as expected. In practice, however, managers may be reluctant to take the 
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evaluation regularly if they feel that the evaluation process is time consuming or 
labourous. In order to save time on data collection and minimize the error in benefits 
score calculation, an effective tool is needed to aid the evaluation process. Additionally, 
properly keeping records of the evaluation to create a database of measurement 
statistics is necessary for tracking the performance of the evaluated IT project.  For all 
these reasons, in this chapter, an IT benefits evaluation system (ITBES) based on the 
proposed IT benefits evaluation framework was developed in the Visual Basic 
environment and put into use in a case study. 
 
In the case study, the users’ overall assessment was positive. They deemed the system 
as a great help in identifying and measuring IT benefits for their company. On the 
other hand, they expressed concerns about using the system, which were mainly about 
the subjectivity of the evaluation. The case study validated the operability of the 
proposed evaluation system. In addition, to illustrate the practical value of the system, 
the case study also helped to identify the potential difficulties in the implementation of 
the evaluation system. 
 
Generally there may be two kinds of difficulties in the implementation of the proposed 
evaluation system: data availability and data accuracy.  
• Data availability 
The input of the proposed framework covers a wide spectrum of data and some are not 
always available to all the evaluators that will participate in the evaluation. For 
example, senior managers may feel uncomfortable about opening the company’s 
financial data to all levels of personnel in his company. Some input data depend on the 
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feedback of external parties such as customers, and it will take time to collect these 
data from many external sources.  
 
In order to collect effective data, timely communication and the manager’s support are 
two keys to performing the evaluation with the proposed framework. Timely 
communication makes more up to date information available, and help to maintain 
understandings of derived benefits at the same level. In order to control benefits 
realization, it is recommended that the evaluation be performed at regular intervals. 
However, there may be few visible changes in the input data for evaluations at 
different times. This may be caused by the long-term-return nature of some kinds of IT 
benefits or it is quite possible that it is due to the lack of perception in the newly 
increased benefits. Senior managers support is helpful in building up an active culture 
in which any derived benefits will be perceived in time and served as the input into the 
evaluation framework.  
 
• Data accuracy 
Although the proposed framework is expected to be useful in measuring IT benefits at 
the company level, in practice, managers have concerns about the subjectivity of the 
framework. All the input data depend on the subjectivity of the evaluators and 
therefore it is difficult to ensure the accuracy of the input data as well as the evaluation 
result.  
 
On the one hand, subjectivity is unavoidable as long as there are humans involved. 
Usually those who may be affected by IT will participate in the evaluation since they 
will bring out the requirement of evaluation. The evaluation should be framed in terms 
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of what the affected parties deem significant. Evaluation is a socially embedded 
process in which formal procedures entwine with informal assessments by which 
actors make sense of their situation (Serafeimidis, 2001). 
 
On the other hand, subjectivity could be reduced. For example, through proper training 
on the company performance evaluation, evaluators could understand all the measures 
well and through effective communication between evaluators from higher 
management level and those from lower operational level, a consensus could be 
achieved on what kind of improvement could be deemed as great, moderate, some and 
little benefits for each evaluation measure. 
Managers should keep in mind that all exact science is based on the idea of 
approximation. The concept or the meaning of measurement is often mistaken for a 
process that produces an exact number. However, the way scientists see it, 
measurement is the reduction of uncertainty about a quantity through observation. The 
key element here is reduction of uncertainty which is not necessarily (in fact, almost 
never) the elimination of uncertainty (Hubbard, 1997).  
One makes his decision on his own judgment based on various kind of information 
from outside. Each kind of information will help him reduce his uncertainties and 
improve his decision in someway, but none can provide absolutely comprehensive and 
accurate information to make him sure of his decision. The proposed framework in this 
research helps managers to know that in addition to financial performance, IT benefits 
may be captured in the other areas, which help to reduce the uncertainties on what 
benefits can be derived from IT. The author admitted that in some aspects, the 
proposed framework is not robust in guiding the decision making. However, the author 
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has been aware of these aspects and suggested precautions to help minimize possible 
risks of inaccuracy.  
 
 116
Chapter Six: Conclusions 
 
6.1 A review of research aim and objectives 
In the current world, IT has affected almost every element of our society and the 
construction industry is no exception. However, IT has not been given enough 
attention in construction industry as compared to other industries. A low level of 
perceived benefits is the main barrier for adoption of IT. There have long existed 
uncertainties about what can be derived from IT.  On the one hand, managers in 
construction companies are conservative in adopting new technology because of these 
existing uncertainties. On the other hand, for competitive reasons, they cannot afford 
not to make investments in IT. Measuring IT benefits is in its infancy in construction 
literature. In fact, measuring the effectiveness of IT has consistently been ranked as 
one of the top ten issues in major surveys of information systems managers 
(Anandarajan and Wen, 1999). This research was therefore undertaken to explore 
effective ways that help managers to identify and capture IT benefits for construction 
companies at company level. Under this main objective, supporting objectives include 
finding out current IT benefits evaluation practice and existing IT evaluation 
techniques, exploring the relationships between business strategy and IT goal, and 
identifying measures at company level to cover the various kinds of IT benefits.  
 
6.2 A summary of findings 
Based on literature review and informal discussion with experts from local 
construction companies, an IT benefits evaluation framework was proposed. An 
effective framework should measure the right things in the right way and make the 
evaluation systems guide decisions and actions (Thorp, 1998). This research stressed 
the alignment of IT with business strategy since it is the starting point to understand 
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what is the right thing to be measured.  The survey in local construction companies 
explored the correlation between IT goal and business strategy. Also, 20 evaluation 
measures derived from literature review were validated by the survey.  The survey 
results showed that the most widely usage of IT in construction industry is for internal 
process support and, sales marketing and customer support are also IT functions that 
contractors have began to realize their importance. Additionally, the correlation 
between each business strategy and each IT goal demonstrated specific strategy-IT 
relationship. The t-test of the means showed that all the 20 measures are deemed as 
perceivably impacted by IT and, therefore, they could be used to assess the overall 
potential impact of IT on an organization. 
 
In order to save time on conducting the evaluation, minimize the error in benefits score 
derivation, and keep evaluation records properly, an IT benefits evaluation system was 
developed as the computer implementation of the framework. A case study was 
conducted by asking experts from a local construction company to use and assess the 
system. Users’ overall assessment is positive. They deemed the framework as a useful 
tool for measuring IT benefits, although brought forward some concerns on using the 
system. The case study validated the operability of the proposed IT benefits evaluation 
system and identified potential difficulties in the implementation of the system. 
 
6.3 Conclusions and implications 
In this research, an IT benefits evaluation framework has been proposed. It is an 
integration of issues concerned with IT benefits evaluation at the company level. It can 
help evaluators answer all questions that involved in the evaluation, such as why there 
is a need to conduct evaluation, what is to be measured, from which aspects, when to 
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conduct the evaluation, who should participate in the evaluation and how to perform 
the evaluation. 
  
Relationships between business strategy and IT goal have been explored by survey in 
the local construction companies. It provides information that help to orientate IT 
benefits evaluation under certain business strategies. Also, a wide spectrum of 
measures that had been derived from literature review was further validated by the 
survey. Those measures cover various kinds of IT benefits at company level.  
  
The proposed framework has the main advantage of its operability. A supporting IT 
benefits evaluation system has also been developed in the Visual Basic environment, 
which is a computer implementation of the proposed framework on a personal 
computer platform. The evaluation system records input from each evaluator in its 
database. Calculations are done on background process and evaluation results are 
displayed in the foreground. The proposed framework, together with its supporting 
system, can be used as a guideline in practice.  
 
Concerns on data availability and data accuracy are identified as potential difficulties 
in the implementation of the framework. Synchronous communication, improved 
training and senior manager’s support are keys to reduce subjectivity and build up an 
active IT benefits evaluation culture, which altogether will promote effective 
evaluations to be performed.  
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To sum up, the proposed framework in this research helps to reduce the uncertainties 
on what can be derived from IT and, therefore, is helpful in supporting decision 
making. 
 
6.4 Limitations and recommendations for future research 
In this research, the questionnaire was only distributed to BCA’s categories of A1, A2 
and B1 contractors since large companies are more likely to have contact with IT 
issues and the percentage of response will be higher. Therefore the survey results may 
not represent the trend of contractors in other categories. Future research should be 
conducted for each category of local construction companies. 
 
The sample size of the survey is not big enough to suggest a more specific quantitative 
relationship between a certain IT goal and a certain business strategy. The conclusions 
from the survey only provides information on whether there is a significant 
relationship between each business strategy and each IT goal, but no information on 
what the quantitative relationship is.  Future research could continue to explore the 
quantitative relationship between them with a larger sample size. 
 
Also, it is worth mentioning that in the survey on the validation of evaluation measures, 
no respondent provided additional measures. Even so, future research can help to 
refine the proposed framework by including more measures that can best reflect the 
characteristics of construction industry and more accurately capture the potential 
impacts of IT.  
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Due to time and cost limitations, the case study only tests the pre-investment 
evaluation in the context of a suggested IT investment. Future research could be 
conducted in extending the case study to the life cycle of IT. Additionally there are 
suggestions from the case study. Users envisioned a more flexible measurement 
system, which means that measures included in the framework can be adjusted at any 
time according to user’s requirements. Future research could focus on improving the 
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Appendix A Traditional evaluation techniques 





Payback Period, Return 
On Investment (ROI), 
Internal Rate of Return 
(IRR), Net Present Value 
(NPV), Productivity 
Index 
• Present numerical result (in 
most cases in terms of 
monetary value) 
• Provide direct information 
• Easy to understand  
• Inaccurate, cannot cover 
intangible benefits 
• Widely used in accounting 
and finance literature 
• Appropriate for those well-
defined projects in which 
investment contains little 




Return On Management 
and Boundary Values or 
Spending Ratios 
• Clearly show an 
organization’s current 
position compared with its 
previous position or current 
peers 
• Difficult to make estimation of 
figures needed 
• Causal rational will affect the 
inaccuracy of the evaluation 
results 
• Best suited to the evaluation 
of existing systems and is 
better suited to ex-post 




Investment portfolio and 
investment mapping are 
popular portfolio 
approaches 
• Take into account of the 
opinions from various parties 
• Consider the alignment of the 
IT investment strategy with 
the business strategy 
• Easy to use because of their 
visual representation 
• Only provided very general 
information 
• A well-known decision-







Criteria (MOMC) and 
Critical Success Factors 
(CSFs). 
• Help to achieve consensus on 
the attributes and objectives 
of IT  
• Cover wide spectrum of 
benefits from different 
viewpoints 
• No general criteria for a certain 
area. Companies have to 
generate their own criteria for 
each case. 
• Involve a great deal of 
discussion and can be very 
costly and time consuming 
• Used in many decision-
making problems and is well 
known in the capital 
budgeting literature 
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Appendix B Innovative techniques developed for IT benefits evaluation 
Categorize     Advantage Disadvantage Application areas
Bedell’s 
approach 
• Easy to understand and time saving to implement. 
• Results are specific and direct 
• Depends totally on subjective 
attitudes of evaluators 
• Measuring IS/IT 
Effectiveness 
Value Analysis • Reduces uncertainty on benefits identification by 
means of prototype demonstrations and Delphi 
approach 
• Establishing values through 
Delphi approach is a lengthy and 
costly exercise. 
• A robust procedure for 
establishing agreed numeric 
scores for intangible benefits 




• Impact of the IT is assessed for risks and benefits 
• First attempts to explore the wide-ranging impact of 
IT on organizations by covering financial, business 
and technological criteria 
• Requires considerable expertise to 
implement in-depth analysis of 
various possibilities 
 
• It is the best known IT 
investment justification 
technique that attempts to 
take into accounts the risks 
and benefits of a proposed 




• Accounts for a wider range of IT effects 
• Provides measures that can be usefully tracked 
beyond the investment appraisal stage and into the 
system’s life cycle 
 
• No general criteria for a certain 
area. Companies have to generate 
their own criteria for each case. 
• Involves a great deal of 
discussion and can be very costly 
and time consuming 







• Contains a clear statement of the means by which 
benefits are measured, clear accountability for 
actions, a focus on strategic thinking, identification 
of benefits that were previously unquantified and 
unidentified, the creation of a learning culture, and a 
means for comparing alternative proposals and 
solutions 
• Categorization method of benefits 
is difficult to understand and use.  
• The outputs were judged as less 
suitable for decision-making for 
the lack of an overview of the 
multi-dimensional outputs. 
• Measuring IT benefits in 
construction  
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Appendix C the Context 
 
Table C-1: Business Strategy 
 
Strategy One Gain low cost leadership 
Strategy Two Product differentiation 
Strategy Three Human resource differentiation 
Strategy Four Technology leadership 
Strategy Five Segmentation and product breadth 
Strategy Six Market share orientation 
Strategy Seven Improve strategy links with customers to gain customer satisfaction 
 










Table C-3: Evaluation Purpose 
Choose between alternative proposals/systems; Making a “Go” or “no Go” decision 
Correct IT system design and performance 
Regular reviews to monitor the progress of a system 
Get a conclusion of whether the original goals has been achieved and whether the 








Appendix D the Characteristic 
 




Function areas Specific function 
Expert system, decision support system 
Data base system 
Electronic documentation submission 
Electronic data management 
Electronic data interchange 
Automation of building regulation and code 
of practice 
Automation plan checking 
Internet & intranet 
Administration 
E-commerce 
Costing system Accounting 
programs Financing system 
Demand forecast 









Strong links to customers 
Bar-coding 
Estimating, scheduling and planning system 
Electronic procurement system 
CAD, 3D, 2D VR 
Site project management system (project 
monitoring and control of the project quality, 
cost and progress) 
Project 
management 
Facilities management, as built survey 
Inventory control 
Increase flexibility in operations 
Supporting the 
production 






Distribution, supply and transport of building 
products  
                             
Table D-2: IT goal 
IT Goal One Enable new ways of management and improve productivity and 
quality 
IT Goal Two Improve company’s economic performance (financial perspective) 
IT Goal Three Improve company’s market performance (customer perspective) 






Appendix E the Content 
 
 
Table E-1: IT Benefits Categorization (at company level) 
 
Category One Improvement in company’s internal process performance 
Category Two Improvement in company’s economic performance 
Category Three Improvement in company’s market performance 




Table E-2: Measures for IT Benefits Evaluation 
 
Categories  Measures 
Cost reduction 
Productivity improvement 
Product quality improvement 
Internal efficiency and 
effectiveness measures 





Growth in revenue 
Return on assets 
Financial measures 








Information systems capabilities 
Employee motivation 
Employee empower 
Innovative culture measures 














Appendix F Questionnaire on framework for measuring IT benefits in 
construction companies 
 
Part one: General Information  
Name (optional)  
Designation  
Company (optional)  
Contact address Tel: Fax: 
 
Please indicate whether you would like to receive a softcopy of the survey report:  
□ Yes    □ No  
If you tick “Yes”, please write down your e-mail: 
_________________________________ 
 
What is the employment size of your company? (Please tick applicable) 
Less 
than 5 












          
 
 
Part Two: About the IT Benefits Evaluation Framework 
Q 2-1 What is the importance of the following business strategy for your company? 
(Please use scale: 1 - not important at all; 2 - not important; 3 - neutral; 4 - 
important; 5 - very important) 
Business strategy Please tick appropriate weight 
Gain low cost leadership 1     2      3      4      5 
Product differentiation 1     2      3      4      5 
Human resource differentiation 1     2      3      4      5 
Technology leadership 1     2      3      4      5 
Segmentation and product breadth 1     2      3      4      5 
Market share orientation 1     2      3      4      5 
Improve strategy links with customers to gain 
customer satisfaction 
1     2      3      4      5 
Others (please specify): _______________________ 1     2      3      4      5 
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Q 2-2 Who are involved in the evaluation process? (Please tick applicable) 
Parties Conduct the evaluation Responsible for the evaluation
IT manager   
Internal audit   
User department   




External partners   
Others (please specify):   
 
Q 2-3 For the following IT function, what is the importance of their application to 
your company? (Please use scale: 1 - not important at all; 2 - not 
important; 3 - neutral; 4 - important; 5 - very important) 
Function areas Please tick appropriate 
weight 
Administration (Expert system, Decision support 
system, Electronic documentation submission, 
Electronic data management, Automation plan 
checking, Internet & intranet, E-commerce)  
1      2      3      4      5 
Accounting programs (Costing system, Financing 
system) 1      2      3      4      5 
Project management (Bar-coding, Estimating, 
scheduling and planning system, Site project control, 
Facilities management) 
1      2      3      4      5 
Production function (Inventory control, Increase 
flexibility in operations, Distribution, supply and 
transport of building products) 
1      2      3      4      5 
Sales, marketing and customer support (Strong links 
to customers) 1      2      3      4      5 
Others (please specify): _______________________ 1      2      3      4      5 
 
Q 2-4 What is the importance of IT goals in your company? (Please use scale: 1 - 
not important at all; 2 - not important; 3 - neutral; 4 - important; 5 - very 
important 
IT goals Please tick appropriate weight 
Enable new ways of management and improve 
productivity and quality 
1     2      3      4      5 
Improve company’s economic performance 
(financial perspective) 
1     2      3      4      5 
Improve company’s market performance 
(customer perspective) 
1     2      3      4      5 
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Improve the innovative culture in the company 1     2      3      4      5 
Others (please specify):__________________ 1     2      3      4      5 
 
Q 2-5 what is the importance of the following contingencies in IT benefits 
derivation? (Please use scale: 1 - not important at all; 2 - not important; 3 - 
neutral; 4 - important; 5 - very important) 
Contingency Please tick appropriate weight 
Regulation change 1     2      3      4      5 
Competitor’s adoption of a similar 
technological innovation 
1     2      3      4      5 
Pricing of IT-based services change 1     2      3      4      5 
Emergence of a new technology 1     2      3      4      5 
Technology standards change 1     2      3      4      5 
Others (please specify):__________________ 1     2      3      4      5 
 
For Q 2-6 to Q 2-9, please refer to the following scale: 1 - no impact at all; 2 - 
unperceivable impact; 3 - some impact; 4 - high impact; 5 - significant impact 
 
Q 2-6 How does IT impact the following internal efficiency and effectiveness 
measures?  
Internal efficiency and effectiveness measures Please tick appropriate weight 
Cost  1       2       3       4       5 
Productivity 1       2       3       4       5 
Product quality and service quality 1       2       3       4       5 
Others (please specify): ___________________ 1       2       3       4       5 
 
Q 2-7 How does IT impact the following economic performance measures?                
Economic Performance measures Please tick appropriate weight 
Value added  1       2       3       4       5 
Gross profit 1       2       3       4       5 
Net profit 1       2       3       4       5 
Construction turnover 1       2       3       4       5 
Growth in revenue 1       2       3       4       5 
Return on assets 1       2       3       4       5 
Return on investment 1       2       3       4       5 
Others (please specify) _________________ 1       2       3       4       5 
Q 2-8 How does IT impact the following market performance measures? 
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Customer measures Please tick appropriate weight 
Market share  1       2       3       4       5 
Customer retention 1       2       3       4       5 
Customer acquisition 1       2       3       4       5 
Customer satisfaction 1       2       3       4       5 
Customer profitability 1       2       3       4       5 
Others (please specify):___________________ 1       2       3       4       5 
 
Q 2-9 How does IT impact the following future oriented innovation measures? 
 
Future oriented innovation measures Please tick appropriate weight 
Employee capabilities  1       2       3       4       5 
Information systems capabilities 1       2       3       4       5 
Employee motivation 1       2       3       4       5 
Employee empower 1       2       3       4       5 
Employee alignment (personal goals align with 
organizational goals) 
1       2       3       4       5 
Others (please specify):___________________ 1       2       3       4       5 
 
End of survey 
Thank you for your participation 
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